National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)
NASA Total

Deep Space Exploration Systems
Common Exploration Systems
Development
Artemis Campaign Development
Human Exp Requirements & Architecture
Mars Campaign Development

Space Operations
International Space Station
Space Transportation
Space and Flight Support (SFS)
Commercial LEO Development
Exploration Operations

Space Technology

Science
Earth Science
Planetary Science
Astrophysics
Heliophysics
Biological and Physical Sciences

Aeronautics

STEM Engagement

Safety, Security, and Mission Services
Mission Services & Capabilities
Engineering, Safety, & Operations

Construction and Environmental Compliance

and Restoration
Construction of Facilities
Environmental Compliance and
Restoration

Inspector General
NASA Total

Fiscal Year

23,271.3

6,396.5

1,100.0

7,290.7
1,996.5
2,693.2
1,770.9
751.0
791

828.7
127.0
2,936.5

1,918.3
1,018.2

387.7

58.1

44.2
23,271.3

Request
2022

1,425.0

7,931.4
2,250.0
3,200.0
1,575.2
797.2
109.1

914.8
147.0
3,049.2

2,028.8
1,020.4

315.6
74.7

46.0
24,801.5

Request
2023

24,801.5 25,973.8
6,750.2 7,478.3
4,483.7 4,668.4
2,062.0 2,600.3

9.5 48.3
195.0 161.3

1,307.5
1,759.5
975.0
224.3
TBD

1,437.9

7,988.3
2,411.5
3,160.2
1,556.0
760.2
100.4

971.5

150.1

3,208.7
2,154.4
1,054.3

348.1

76.2

48.4
25,973.8

2024
26,493.4

6,798.1

3,613.8
2,973.8
48.9
161.6

1,289.9
1,798.8
1,031.7
228.2
832.9

1,466.7
8,148.1
2,460.3
3,186.1
1,597.0
802.6
102.1
990.9
153.1
3,272.9

2,197.5
1,075.4

353.4

79.4

49.4
26,493.4

2025
27,023.3

6,813.4

3,111.9
3,489.3
49.5
162.7

1,302.1
1,848.7
1,053.1
229.4
972.3

1,496.0

8,311.1
2,589.0
3,197.4
1,578.5
842.0
104.1

1,010.7

156.2

3,338.4
2,241.5
1,096.9

360.5

81.0

50.4
27,023.3

2026
27,563.7

6,912.3

2,845.6
3,853.9
50.0
162.7

1,302.5
1,889.2
1,020.1

302.1
1,037.2

1,525.9
8,477.3
2,722.3
3,176.4
1,620.5

851.9

106.2
1,030.9
159.3
3,405.2

2,286.3
1,118.9

367.6

82.7

514
27,563.7

2027
28,114.8

7,040.8

2,376.8
4,450.7
50.5
162.8

1,302.9
1,914.8
948.6
435.0
1,070.5

2,782.0
3,299.0
1,625.6
831.9
108.4

1,051.5

162.5

3,473.3
2,332.0
1,141.3

376.6

82.7

524
28,114.8

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as adjusted by NASA's FY

2021 Operating Plan, December 2021.
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022 column reflects the
FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-purpose Crew
Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million, contingent on assessments following

Artemis 1.
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)
NASA Total

Deep Space Exploration Systems

Orion Program
Crew Vehicle Development
Orion Program Integration and
Support

Space Launch System
Launch Vehicle Development
SLS Program Integration and Support

Exploration Ground Systems
Exploration Ground Systems
Development
EGS Program Integration and
Support

Gateway

Adyv Cislunar and Surface Capabilities
Human Landing System

XEVA and Human Surface Mobility
Program

Moon & Mars Architecture

Exploration Capabilities

Space Operations

International Space Station Program
ISS Systems Operations and
Maintenance
ISS Research

Crew and Cargo Program
Commercial Crew Program

Space Communications and Navigation
Space Communications Networks
Space Communications Support

Human Space Flight Operations

Human Research Program

Fiscal Year

23,271.3

1,403.7
1,387.8

15.9
2,555.0
2,488.4

66.6

580.0

569.2
10.8
501.5
45.0

928.3

197.3

176.2

1,321.6

1,013.8
307.8

1,573.2
298.7

506.0
398.3
107.7

97.8
115.0

24,801.5

1,406.7
1,388.8

17.9
2,487.0
2,414.0

73.0

590.0

585.3
4.7
685.0
82.0

1,195.0

100.0

195.0

1,327.6

1,048.2
279.4

1,617.2
153.0

522.6
3934
129.3
101.8
130.2

Request

25,973.8

7,478.3

1,338.7
1,325.3

134
2,579.8
2,505.7

74.0

749.9

747.3
2.6
779.2
59.6

1,485.6

275.9

161.3

1,307.5

1,041.7
265.8

1,642.0
117.5

528.5
415.0
113.4
101.5
151.2

2024
26,493.4

6,798.1

415.0
415.0

2,534.6
2,455.8
78.8
664.2
660.0
4.2
754.5
57.8
1,863.8

297.7

161.6

5,181.4

1,289.9

1,024.0
265.9

1,698.8
100.0

574.7
471.5
103.2
103.7

151.2

2025
27,023.3

6,813.4

116.5
116.5

2,484.6
2,393.2
913
510.8

503.8
7.0
685.4
62.9

2,246.1

494.9

2026
27,563.7

6,912.3

52.0
52.0

2,326.5
2,234.4
92.0
467.2

460.0

7.2
661.7
425.2

2,168.2

598.8

162.7 162.7
5,405.6 5,551.1
1,302.1 1,302.5
1,031.1 1,031.5

271.0 271.0

1,748.7
100.0

593.6
492.1
101.6
104.3
152.0

1,789.2
100.0

565.5
465.2
100.3
104.3
147.0

2027
28,114.8

1,925.5
1,832.7
92.7
432.3
425.0
73
758.2
555.6
2,5379

599.1

162.8

5,671.8

1,302.9

1,031.9
271.0

1,814.8
100.0

493.8
388.0
105.8
104.3
147.1
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Op Plan Request Request
Budget Authority ($ in millions) 2021 2022 2023 2024 2025 2026 2027
Launch Services 91.9 102.7 93.9 94.3 94.8 94.8 94.9
Rocket Propulsion Test 47.6 47.8 48.2 48.5 48.7 48.8 48.8
Communications Services Program 23.4 42.0 51.7 59.4 59.7 59.7 59.7
Orion Production & Sustainment - - TBD 786.9 925.3 990.2 1,022.5
Exploration Operations - - TBD 46.0 47.0 47.0 48.0
Space Technology 1,466.7 1,496.0
Early Stage Innovation and
Partnerships 117.5 145.0 155.9 159.5 162.7 169.9 188.2
Agency Technology and Innovation 8.4 9.4 9.6 9.8 10.0 10.0 10.0
Early Stage Innovation 89.2 115.6 125.3 127.6 130.1 137.3 155.6
Technology Transfer 19.9 20.0 21.0 22.1 22.6 22.6 22.6
Technology Maturation 227.1 491.2 471.6 481.1 491.2 497.6 493.1
Technology Demonstration 528.4 501.8 525.4 535.4 545.6 556.0 566.6
Solar Electric Propulsion (SEP) 26.2 24.2 18.5 15.9 17.8 5.8 3.8
OSAM-1 227.0 227.0 227.0 227.0 121.8 254 -
Small Spacecraft, Flight
Opportunities & Other Tech Demo 275.2 250.6 279.9 292.5 406.0 524.8 562.8
SBIR and STTR 227.0 287.0 285.0 290.7 296.5 302.4 308.5

Science

Earth Science Research
Earth Science Research and Analysis
Computing and Management
Earth Systematic Missions
Surface Water and Ocean
Topography Mission (SWOT)
NASA-ISRO Synthetic Aperture
Radar (NISAR)
Sentinel-6
Plankton, Aerosols, Clouds, ocean
Ecosystem (PACE)
Other Missions and Data Analysis
Earth System Explorers
Earth System Science Pathfinder
Venture Class Missions
MAIA
GeoCarb
Other Missions and Data Analysis
Earth Science Data Systems
Earth Science Technology
Applied Sciences

7,290.7

484.3
3525
131.8
773.1

68.9

90.8
8.0

145.1
460.4

286.8
200.7
17.5
16.1
525
299.6
83.7
69.0

7,931.4

593.5
409.9
183.6
749.8

27.8

58.0
22.8

81.9
559.4
6.6
391.0
226.4
70.0
39.7
54.9
344.4
91.1
73.5

7,988.3

534.9
368.9
166.0
998.1

47.5

58.6
403

112.8
739.0
234
308.4
194.5
13.1
47.6
533
366.1
102.3
78.2

8,148.1

575.6
389.6
186.0
979.3

10.5

29.0
63.9

733
802.7
36.3
274.8
146.3
26.5
49.0
529
406.7
105.9
81.8

8,311.1

597.5
394.2
203.3
1,061.3

10.6

25.0
552

20.9
949.5
92.0
237.5
125.7
20.2
43.8
47.8
383.9
114.1
102.8

8,477.3

609.6
402.7
206.8
1,119.6

6.5

14.9
25.6

223
1,050.3
150.2
219.3
167.7
1.7
9.4
40.5
399.1
117.7
106.7

8,646.8

622.1
411.0
211.1
1,034.5

6.5

16.5
8.7

7.5
995.3
251.3
230.4
181.9

0.6

6.7

41.2
414.8
119.0
109.9
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority ($ in millions)

Fiscal Year

Op Plan
2021

Request
2022

Request
2023

2024

2025

2026

2027

Planetary Science Research
Planetary Science Research and
Analysis
Other Missions and Data Analysis

Planetary Defense
NEO Surveyor
Other Missions and Data Analysis

Lunar Discovery and Exploration
VIPER
Other Missions and Data Analysis

Discovery
Psyche
DAVINCI
VERITAS
Other Missions and Data Analysis

New Frontiers
Dragonfly
Other Missions and Data Analysis

Mars Exploration
Other Missions and Data Analysis

Mars Sample Return

Outer Planets and Ocean Worlds
Jupiter Europa
Other Missions and Data Analysis

Radioisotope Power

Astrophysics Research
Astrophysics Research and Analysis
Balloon Project
Science Activation
Other Missions and Data Analysis
Cosmic Origins
Hubble Space Telescope (HST)
James Webb Space Telescope
Other Missions and Data Analysis
Physics of the Cosmos
Exoplanet Exploration
Nancy Grace Roman Space
Telescope
Other Missions and Data Analysis
Astrophysics Explorer
Spectro-Photometer for the History of
the Universe, Epoch Of Reonization,
and Ices Explorer
Other Missions and Data Analysis

304.1

2232
80.9
158.1
313
126.8
443.5
99.1
344.4
447.7
175.6
3.5
6.5
262.1
150.9
86.0
64.9
339.5
3395
241.6
461.5
434.8
26.7
146.3

249.3
91.1
44.8
45.6
67.8

618.5
933

414.7

110.5

146.4

552.4

505.2
472
204.4

68.5
135.8

309.0

221.3

87.8
202.1
143.2

58.9
497.3
112.2
385.0
336.7
138.7

13.5

13.0
171.5
288.7
224.1

64.6
270.7
270.7
653.2
493.7
472.1

21.6
148.6

280.3
107.4
45.8
55.6
71.5
318.9
98.3
175.4
45.2
165.8
544.7

501.6
43.1
265.5

107.9
157.6

298.6

213.1
85.5
87.7
39.9
47.8

486.3
97.0

389.3

230.0
38.8
22.8
572

111.2

478.4

390.4
88.1

233.9

233.9

822.3

356.8

345.0
11.8

166.3

329.8
111.0
45.7
55.6
117.6
298.5
93.3
172.5
32.7
159.9
522.2

482.2
40.0
245.6

78.7
166.9

299.4

216.6
82.8
116.5
75.0
41.5
458.3
30.6
427.7
369.6
29.0
56.7
123.9
160.1
415.0
317.8
972
223.8
223.8
800.0
313.8
303.3
10.5
189.7

350.8
113.0
46.3
55.6
135.9
316.5
98.3
187.0
312
188.1
450.2

407.3
429
291.4

75.0
216.4

309.3

226.3

83.0
181.5
140.0

41.5
458.3
458.3
540.5

32.0
163.3
154.9
190.3
453.8
326.1
127.6
211.7
211.7
700.0
130.3
101.2

29.1
212.1

345.5
114.1
46.3
55.6
129.5
316.3
98.3
187.0
31.0
182.4
423.0

380.0
43.0
311.3

24.0
287.3

324.9

230.0

94.8
242.5
200.0

425
458.3
458.3
594.7

32.0
105.5
223.8
2333
409.6
265.2
144.4
226.8
226.8
600.0
120.5

80.6

39.9
199.2

348.4
115.2
46.3
55.6
131.2
316.6
98.3
187.0
313
182.2
388.4

345.7
42.7
385.0

6.0
379.0

3423

219.4
122.9
247.7
200.0

47.7
468.3
468.3
686.4

354
177.5
250.8
222.6
401.1
213.8
187.3
242.1
2421
612.1
127.9

71.7

50.2
171.0

350.1
116.4
46.3
55.6
131.9
316.6
98.3
187.0
313
177.6
258.0

216.6
414
523.2

0.1
523.1
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Aeronautics

STEM Engagement

Safety, Security, and Mission Services

Airspace Operations and Safety
Program 132.0 1474 156.2 159.0 164.2 183.6 196.8
Advanced Air Vehicles Program 2114 243.7 253.2 269.5 287.2 270.5 235.9
Integrated Aviation Systems Program 238.7 258.6 288.9 287.1 284.0 296.4 3223
Low Boom Flight Demonstrator 97.3 74.6 36.9 15.3 - -- --
Electrified Powertrain Flight
Demonstration 76.9 86.2 106.7 85.7 28.4 23.6 13.0
Other Projects 64.5 97.8 145.4 186.0 255.6 272.8 309.3
Transformative Aero Concepts
Program 129.7 148.0 155.9 158.0 158.0 163.0 176.6
Aerosciences Evaluation and Test
Capabilities 116.9 117.0 117.3 117.3 117.3 117.3 119.9

Information Technology (IT)
Mission Enabling Services
Infrastructure & Technical
Capabilities

Agency Technical Authority

127.0

2,936.5

667.2

914.8

147.0

3,049.2

612.2 |
7315 |

685.1

186.8

971.5

150.1

3,208.7

667.4 |
761.2 |

725.8

990.9

153.1

3,272.9

1,010.7

156.2

3,338.4

Op Plan Request Request
Budget Authority ($ in millions) 2021 2022 2023 2024 2025 2026 2027
Heliophysies | 7510 7972 | 7602 | 8026 8420 8519 8319
Heliophysics Research 280.8 216.1 2254 224.7 226.2 226.0 226.0
Heliophysics Research and Analysis 77.0 52.0 535 52.6 54.6 56.6 56.6
Sounding Rockets 73.6 62.6 69.2 69.2 69.2 69.2 69.2
Research Range 32.0 28.2 26.9 279 26.9 26.9 26.9
Other Missions and Data Analysis 98.2 73.4 75.7 75.0 75.5 73.3 73.3
Living with a Star 110.8 110.1 137.3 133.1 224.1 241.3 200.4
Other Missions and Data Analysis 110.8 110.1 137.3 133.1 224.1 241.3 200.4
Solar Terrestrial Probes 133.3 234.3 188.8 199.1 117.5 717.2 61.4
Interstellar Mapping and Acceleration
Probe (IMAP) 66.2 166.3 120.8 144.5 59.2 39.5 239
Other Missions and Data Analysis 67.1 68.0 68.0 54.6 583 37.7 375
Heliophysics Explorer Program 162.7 180.2 157.9 190.9 222.6 270.2 307.5
Other Missions and Data Analysis 162.7 180.2 157.9 190.9 222.6 270.2 307.5
Space Weather 44.3 26.5 22.3 31.9 34.5 24.2 22.7
Heliophysics Technology 19.2 29.9 284 23.0 17.3 13.0 14.0

1,030.9

159.3

3,405.2

548.6 |
702.5 |

1,051.5

162.5

3,473.3
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National Aeronautics and Space Administration

FY 2023 PRESIDENT'S BUDGET REQUEST SUMMARY

Fiscal Year

Op Plan ‘ Request ‘ Request

Budget Authority ($ in millions) 2021 2022 2023 | 2024 2025 2026 2027

Center Engineering, Safety, &
Operations

835.4 833.7 859.2 876.4 893.9

911.8 930.1

Construction and Environmental Compliance
and Restoration

390.3 424.3 432.8 441.5 450.3 459.3

Institutional CoF 205.8 | 2406 | 3534
Exploration CoF . 89.3 | |
Space Operations CoF . 20.5 | |
Science CoF . -- ‘ -- }

Inspector General
NASA Total

44.2
23,271.3

46.0
24,801.5

48.4
25,973.8

49.4
26,493.4

50.4
27,023.3

514
27,563.7

524
28,114.8

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as adjusted by NASA's FY
2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022 column reflects the
FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-purpose Crew

Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million, contingent on assessments following
Artemis I.
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MESSAGE FROM THE ADMINISTRATOR

President Biden’s Fiscal Year (FY) 2023 Budget for NASA reflects the Administration’s confidence in this
Agency, our daring missions, and the can-do spirit of our workforce. For over six decades, NASA has been a
beacon of exploration, technological development, and discovery. This Budget empowers the Agency to
revitalize and strengthen American leadership in aerospace, address climate change, promote equity, and
expand an industry that creates good-paying American jobs.

Each investment in NASA’s missions benefits the U.S. public and people around the world.

Our 2022 Strategic Plan introduces NASA’s vision statement: “Exploring the secrets of the universe for the
benefit of all.” This underscores our commitment to achieving remarkable breakthroughs and sharing that
knowledge to improve lives. NASA will expand humanity’s scientific knowledge of the universe; help us
better understand our planet; grow and diversify science, technology, engineering, and mathematics (STEM)
education; support U.S. businesses; and promote job growth in the aerospace industry. NASA is committed to
advancing diversity, equity, inclusion and accessibility to ensure fair, impartial access and representation for
all those who seek to contribute to our nation’s great work in space.

The Budget emphasizes NASA’s leadership in climate change, as a leading provider of Earth systems science
and data. This information has proven crucial for scientists, policymakers, and anyone seeking to understand
and predict the effects of our changing climate. The FY 2023 Budget enables NASA to provide the world
with data from its existing fleet of Earth-observing satellites and invest in a future Earth System Observatory:
an array of satellites, instruments, and missions that will generate a 3D, holistic view of the entire planet.
From bedrock to atmosphere, the Earth is a system. As that system changes, NASA will help us all measure
and understand the nature of that change, and how we might mitigate an existential threat to our way of life.

NASA’s commitment to addressing climate change goes beyond Earth science. If the United States is to
remain the world leader in aviation, we must lead the world in developing sustainable aviation, overland
supersonic passenger travel, and other emerging aeronautics technologies. Because green aviation is as much
an issue of the future of American jobs as it is climate change, the President’s Budget allows NASA to
accelerate cutting-edge innovations in aerospace. The Budget supports collaborations with industry such as
the Sustainable Flight National Partnership, through which NASA and U.S. companies will develop
technologies that enable next generation airliners to be the most efficient ever. Meanwhile, through our Low
Boom Flight Demonstrator program, we will work with communities to break down the barriers to
environmentally and socially acceptable supersonic passenger flights and open up brand new markets for
American companies and workers. Our commitment to this revolution in aerospace will take to the skies as
two NASA experimental aircraft — the X-57 Maxwell electric demonstrator and X-59 Quiet Supersonic
(QueSST) — prepare for their first flights in 2022.

Through a significant commitment for science, exploration, aeronautics, and technology, this Budget
positions NASA to return humans to the Moon, including the first woman and first person of color — and
continues our efforts to take humanity’s next giant leap toward Mars. This year, we will launch the Space
Launch System rocket and Orion spacecraft to the Moon. Together with funding for the Human Landing
System, the Gateway, and lunar surface systems, this Budget enables NASA to make exciting progress
towards our lunar exploration goals. With funding for lunar robotic missions, Commercial Lunar Payload
Services, and other key mission elements, NASA will deepen the world’s understanding of the Moon. With
projects to test technologies that would allow for human exploration of Mars, including robotic explorers and
the development of lunar-derived fuel and oxygen, we are advancing toward the Red Planet.

The Budget continues support for the International Space Station, which the Administration is proposing to
extend through 2030, while stimulating the growth of the low-Earth orbit economy by working with industry
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to develop commercial space stations. These investments will pave the way for continuity of sustained U. S.
presence in orbit and create scientific and economic opportunities. The Agency is also increasing investments
in research to ensure the growing threat of orbital debris does not interfere with our ability to safely operate in
space.

The recent, remarkable launch of the James Webb Space Telescope demonstrated NASA’s innovation
alongside international partners — and how we benefit the world. With each great step, NASA magnifies its
presence as a unifying symbol of possibility and inspiration. In addition to the scientists, engineers,
technicians, and support staff who persevered to make this launch possible, NASA’s endeavors use every
opportunity to educate and inspire. With every breakthrough, we seek to generate more than incredible data —
we help to create the next generation of scientists, engineers, and explorers who will be the innovators of the
future.

The American story is about discovery, innovation, and a relentless spirit to push forward — and upward. This
Budget allows NASA to continue our journey to enable a new era filled with boundless optimism and
limitless possibilities for all humanity.

it Nkt

Bill Nelson
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NOTES ON THE BUDGET

The FY 2023 President’s Budget for NASA and accompanying 2022 NASA Strategic Plan are fully aligned
with the Administration’s priorities of restoring America’s global standing; driving economic growth;
addressing climate change; and promoting diversity, equity, inclusion, and accessibility. At $25.97 billion, the
FY 2023 Budget for NASA underscores the Agency’s unique ability to advance these priorities. With this
investment, NASA will continue to lead a new era of space exploration that advances our understanding of
Earth’s changing climate, inspires the Nation and the world, promotes equitable opportunities to work with
and for NASA, and creates good-paying jobs in the growing space economy.

NASA is a source of national inspiration and international leadership. The Agency stands ready to bring its
expertise and capability to meet the challenges and opportunities facing our Nation: conducting climate
research utilizing key data from our Earth observation missions to understand and mitigate climate change;
supporting innovation and technology development in aviation and space; expanding key sectors of the
economy while spurring growth in science, technology, engineering, and mathematics (STEM) jobs and
inspiring the next generation of scientists, engineers, and explorers; and providing American leadership and
global engagement through science and space exploration programs with a growing set of international
partners. Through its support for exploration of the Moon, Mars, and the universe beyond, this Budget
strengthens U.S leadership for a new age of human and robotic exploration and discovery.

NASA’s historic and enduring purpose is captured in four Strategic Themes outlined in our 2022 Strategic
Plan: Discover, Explore, Innovate, and Advance. These Strategic Themes focus the Agency’s investments
into four Goals: expanding human knowledge through new scientific discoveries; extending human presence
to the Moon and onto Mars for sustainable long-term exploration, development, and utilization; catalyzing
economic growth and driving innovation to address national challenges; and enhancing capabilities and
operations to assure current and future mission success.

Discover

NASA'’s Science mission epitomizes the Agency’s history of momentous discovery, and funds ongoing
discovery and exploration of our planet, other planets and planetary bodies, our solar system, our galaxy, and
the universe beyond. NASA Science includes over 100 missions, many of which involve collaboration with
international partners or other U.S. agencies, and invests in world-class scientific research conducted by more
than 10,000 U.S. scientists. The FY 2023 Budget delivers historic funding for Science, advancing NASA’s
position as a global leader in discovery.

NASA Earth Science missions are collecting ever greater amounts of data that enhance our understanding of
the Earth’s changing climate. NASA makes these detailed climate data freely available to the global
community to inform policies and actions to address the threat climate change poses to our economic
prosperity and our national security. This Budget provides $2.41 billion for NASA’s Earth science portfolio
and expands NASA’s role as a leading provider of satellite Earth observations and other data scientists need
to understand the climate crisis. With this Budget, NASA increases our ability to understand Earth and how it
works as an integrated system, from our oceans to our atmosphere, and how that system is changing over
time. The budget supports the decadal survey recommendation to implement “Designated” observable
missions by continuing the development of the Earth System Observatory. Formulation activities are
underway for missions to address the first four of these Designated observables. The Budget supports a robust
Venture Class mission cadence and the launch of several upcoming missions, including NASA-ISRO
Synthetic Aperture Radar (NISAR), Surface Water and Ocean Topography (SWOT), Plankton, Aerosol,
Cloud, ocean Ecosystem (PACE), and Climate Absolute Radiance and Refractivity Observatory (CLARREO)
Pathfinder missions, and provides funding for Earth System Explorer class missions. As part of a renewed
emphasis on providing actionable data and information to a broad range of users, NASA is planning an Earth
Information Center with an initial focus on prototyping capabilities for a greenhouse gas monitoring and
information system that will integrate data from a variety of sources with a goal of making data more
accessible and usable to Federal, State, and local governments, researchers, the public, and other users. These
efforts will be implemented in coordination with other agencies and partners.
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The Budget also continues to reinvigorate robotic exploration of the solar system by providing $3.16 billion
for Planetary Science. The Budget funds the Lunar Discovery and Exploration program that supports
collaboration with industry and innovative approaches to achieving human and science exploration goals. The
Budget contains funding to explore new destinations in the solar system, including Jovian moons with Europa
Clipper and the Dragonfly mission to Saturn’s moon Titan, and a robust competitive Discovery program
including the Psyche and Lucy missions to the asteroid belt. The Budget supports a Mars Sample Return
mission with key international partnerships, which will launch as early as 2028 and return samples to Earth.
The Budget also supports the Volatiles Investigating Polar Exploration Rover (VIPER) mission, which will
launch on a commercial lunar delivery service and explore the south pole of the Moon. By searching for
water ice and other potential resources, VIPER will help pave the way for astronaut missions to the lunar
surface and will bring NASA a step closer to developing a sustainable, long-term presence on the Moon as
part of the Agency’s Artemis program.

The Budget builds on the transformational engineering and scientific success of the James Webb Space
Telescope with $1.56 billion for Astrophysics to study the universe and search for Earth-like planets beyond
our solar system. The Budget supports development of the Nancy Grace Roman Space Telescope (planned
for launch in 2027) and continues operations of the Hubble Space Telescope. The Budget includes funding
for a competitive Explorers program, including recent selections, such as Imaging X-ray Polarimetry Explorer
(IXPE) and Spectro-Photometer for the History of the Universe, Epoch of Reionization and Ices Explorer
(SPHEREX), as well as new selections every two to three years. The Budget proposes closeout of the
Stratospheric Observatory for Infrared Astronomy (SOFIA) mission consistent with the recommendations of
the science community; SOFIA’s annual operations Budget is the second-most expensive operating mission
in Astrophysics, yet the science productivity of the mission is not commensurate with other large science
missions.

Heliophysics is funded at $760 million and includes support for the Interstellar Mapping and Acceleration
Probe (IMAP); new missions of opportunity within the Solar Terrestrial Probes program; and new Explorer
mission selections including Polarimeter to Unify the Corona and Heliosphere (PUNCH) and Tandem
Reconnection and Cusp Electrodynamics Reconnaissance Satellites (TRACERS). The Budget also includes
funding for the Geospace Dynamics Constellation (GDC) mission, the Diversify, Realize, Integrate, Venture,
Educate (DRIVE) initiative, and interagency efforts to improve space weather predictive capabilities (all
priorities in the Heliophysics Decadal Survey).

Finally, the Budget provides $100 million for Biological and Physical Science to better understand how
biological and physical systems work by observing them in ways not possible on Earth, including many
experiments aboard the International Space Station (ISS). The Budget supports space biology investigations,
which seek to understand how living organisms respond to and evolve in the spaceflight environment, and
physical science investigations to examine the fundamental laws of the universe from the unique vantage
point of space.

Explore

NASA’s rich history of human spaceflight provides the foundation for today’s exploration vision: to maintain
U.S. leadership in space, establish a long-term presence on the Moon, and pave the way forward to Mars and
beyond. NASA is leading an innovative and sustainable program of exploration with commercial and
international partners to enable human expansion across the solar system and to bring new knowledge and
opportunities back to Earth. Building on the operational experience gained through more than 20 years of
continuous human presence on the ISS, the United States will lead the return of humans to the Moon for
long-term exploration and utilization, followed by human missions to Mars and other destinations. This
strategy begins with Artemis, a series of missions launched with new deep space transportation systems
nearing their first flight, coupled with innovative industry capabilities including landers and space suits, that
will land the first woman and the first person of color on the lunar surface. Over the next several decades,
NASA will establish a long-term foothold on the lunar surface and deploy complex crewed transportation
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systems to the Moon and Mars. Establishing a long-term human presence on the Moon and conducting the
first human mission to the surface of Mars will be among the most challenging technical enterprises in human
history. This era of human exploration will require innovative technologies and systems — some of which
have not yet been demonstrated — to explore new and more challenging locations, like the lunar south pole.
Developing these capabilities will spur advancements in fields like space medicine, cryogenic storage, space
power, materials science, and in-space manufacturing and assembly.

NASA’s preparations for exploring the Moon, Mars, and beyond begin with the ISS. The FY 2023 Budget
request includes $1.31 billion for ISS operations and research and $1.76 billion for crew and cargo
transportation. NASA will continue to leverage its mission aboard the ISS in low-Earth orbit (LEO) to
identify risks to human health, develop countermeasures, and test technologies that protect astronauts, with a
continued focus on reducing operations, maintenance, and transportation costs. The ISS model of maintaining
multiple domestic and international partner options for station operations and crew and cargo delivery
provides functional robustness against operational risks due to technological, environmental, or other
potential disruptions — a capability which has been tested before and which NASA is prepared to demonstrate
again, if necessary. With $224 million of funding in this Budget, the Commercial LEO Development program
supports development of commercially owned and operated LEO destinations to enable continuous American
presence in LEO through 2030 and beyond. As these new space stations are being developed, NASA will be
working with the ISS National Laboratory and private companies to accelerate the growth of the commercial
space industries that will use the ISS and join NASA in using commercial destinations in the future.

Beyond LEO, the next step in exploration stretches out to the Moon with Artemis. The Artemis strategy
includes development of common exploration systems, including the Space Launch System (SLS), Orion
crew vehicle, and Exploration Ground Systems (EGS), scheduled for a full flight test on Artemis I in 2022.
This Budget funds these common exploration systems at $4.67 billion, creating a transportation system for
human exploration beyond LEO. With these NASA systems, the Nation will send astronauts to the Moon,
building capabilities and gaining needed experience for future missions on the lunar surface and Mars.
Starting in 2024, as these systems complete their developmental test flights (first with Orion, and later as SLS
Block 1B development is completed), NASA will transition program management from development to
exploration operations to ensure a safe, steady, and affordable cadence of flights to the Moon.

This Budget also provides $2.60 billion for Artemis Campaign Development, including the Gateway lunar
outpost, the lunar Human Landing System (HLS), space suits, and lunar surface systems. Gateway will
provide a platform in an orbit around the Moon to sustain surface operations, with Orion providing crew
transportation services. U.S. leadership on the Gateway program has inspired Canada, Europe, and Japan to
expand their partnerships with NASA to extend human presence from LEO to the Moon. The HLS program
will begin with an uncrewed and then a crewed demonstration mission to the lunar surface, followed by a
competition for commercial services between Gateway and the lunar surface through the latter half of the
2020s and beyond.

As part of the Artemis effort, NASA will also leverage interagency partnerships, expanding relationships with
other U.S. Government agencies to take advantage of their expertise, create mutually beneficial synergies,
and ensure ongoing coordination in the pursuit and achievement of the Nation’s space goals. NASA will
maintain and grow mutually beneficial international partnerships to lead a global community dedicated to
expanding peaceful exploration and use of the Moon and then ultimately on towards Mars.

Looking to Mars, the Budget includes $161 million for Mars Campaign Development and a forward-leaning
focus on reducing operational risk, validating operational concepts, leveraging partner capabilities, and
lowering life cycle costs to help enable lunar and deep space missions. The Budget also includes $48 million
to continue developing the detailed, integrated systems design studies needed to prepare for a human mission
to Mars. Mars sample return will also advance human exploration through the demonstration of key
capabilities such as round-trip planetary operations, planetary protection, and precision landing on another
planetary body.
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Finally, the programs in NASA’s Space and Flight Support theme, with a Budget of $975 million, provide
essential services to missions sponsored by all of NASA and by other stakeholders as well. Data uplinks and
downlinks, unified launch service procurements that take full advantage of NASA’s collective buying power
to secure the best price for the Government, and other support programs provide important capabilities that
support NASA’s leadership in space exploration and discovery.

Innovate

NASA contributes to economic development and growth through technological innovation. Through its
missions and sponsored research, NASA provides access to the farthest reaches of space and time and helps
generate essential information about our home planet. NASA’s cutting-edge research yields results that are
used to improve quality of life and the economy here on Earth. The Nation benefits from developing new
technologies that propel this exploration.

With this Budget, NASA increases funding for Aeronautics to $972 million. This Budget continues
investments in research and development to enhance U.S. competitiveness in the global aviation industry,
while making aviation safer, faster, more efficient, and more environmentally friendly.

To meet aggressive climate goals, the Sustainable Flight National Partnership (SFNP) with U.S. industry
envisions innovative next generation single-aisle transports with game-changing, ultra-efficient, and low-
carbon emitting designs at least 25 percent more fuel-efficient than today’s airliners. Under the SFNP, NASA
will demonstrate the first-ever high-power hybrid electric propulsion for large transport aircraft and ultra-high
efficiency long and slender wings, as well as advanced composite structures produced four to six times faster
than current state-of-the-art advanced engine technologies. The centerpiece of SFNP will be a full-scale
technology demonstrator X-plane to test and validate integrated systems and theirbenefits. This partnership is
a strong response to international challenges to U.S. technological leadership for next-generation subsonic
transports and ensures the United States remains at the forefront of the transition to sustainability.

NASA leads transformation in other aspects of the civil aviation enterprise. The Agency is connecting the
world through high-speed commercial flight, demonstrating quiet supersonic flight with NASA’s X-59 Low
Boom Flight Demonstrator. Through Advanced Air Mobility (AAM), Unmanned Aircraft Systems, and use
of electric Vertical Takeoff and Landing vehicles, NASA is working to enable a transformation of the way
people and goods move around the Nation’s communities and regions. NASA is establishing partnerships
with industry to mature AAM concepts and technologies for safe operations and preparing for AAM National
Campaign demonstrations of new air vehicles and airspace management technologies. This year, NASA will
begin flying the all-electric X-57 Maxwell aircraft to better inform standards development for small electric
aircraft that will be common in an AAM environment.

The Budget supports development of the next evolution of the global air traffic management system to safely
increase operational efficiency at the vehicle, fleet, and system-wide levels, while reducing fuel burn, CO»
emissions, contrail formation, and ozone impact. NASA will expand our partnership with the Nation’s
universities to develop technologies to achieve the industry’s long-term climate goals, while training and
inspiring our future aerospace workforce. NASA will also continue to invest in critical fundamental
technologies for hypersonic flight.

The $1.44 billion budget for Space Technology will develop transformative, cross-cutting technologies that
lead to research and technology breakthroughs to enable NASA’s missions and grow the commercial space
industry through job creation. This Budget supports the Administration’s priorities of enhancing research and
development at NASA to maintain and enhance U.S. leadership in space technology, growing the U.S.
commercial space industry and creating new, good-paying jobs, and developing new technologies to enable
human and robotic exploration of the Moon, Mars, and beyond. NASA’s investments advance development
and demonstration of transformative capabilities for space transportation and propulsion; entry, descent, and
landing, including return of robots, crew, and cargo; sustainable resource utilization and manufacturing; and
robotic mobility systems. NASA will also continue demonstrating the foundational capabilities of on-orbit
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servicing, assembly, and manufacturing and take the next step in optical communications using infrared lasers
to send data to and from space, enabling NASA to collect more science data and explore farther into the
universe than ever before. In addition, NASA will continue investments in In-Situ Resource Utilization,
Sustainable Power systems, lunar robotic mobility systems, research in Lunar Dust Mitigation, and small
spacecraft technologies that are more rapid, affordable, and capable than previously achievable. The Budget
includes $45 million for space nuclear technologies, including $30 million for surface power and $15 million
for propulsion.

NASA will continue to develop technologies that have broad application and address multiple stakeholder
needs, actively engaging with NASA centers, industry, academia, and other Federal Government agencies to
help define program content. The Early Stage Innovation portfolio leads by sourcing ideas from a broad,
diverse base of organizations and transferring space technology into the space economy. Efforts include
expanding the number of NASA Innovative Advance Concepts awards and exploring innovation pilots to
enable breakthrough technology research and development in support of U.S. competitiveness. These areas
are part of a comprehensive approach to effectively support innovative discovery, progress toward important
goals, and the development of transformative new capabilities.

Technological leadership remains vital to our national security, economic prosperity, and global
competitiveness. A technology-driven, innovation-focused NASA will continue to help fuel our Nation’s
economic engine for decades to come, while also providing valuable breakthroughs for NASA’s missions and
the commercial industry.

Advance

NASA'’s workforce continues to be its greatest asset for advancing missions in space and on Earth. The civil
service staffing levels proposed in the FY 2023 Budget fulfill NASA’s requirements for scientists, engineers,
researchers, managers, technicians, and business professionals. NASA’s civilian workforce includes
personnel at NASA centers, Headquarters, and NASA-operated facilities. The Agency’s workforce will focus
on high priority and enduring mission work, and NASA will endeavor to reshape, identify, recruit, and retain
a multi-generational workforce that possesses the inherently governmental skills critical to the Agency.

Building on the addition of Inclusion as one of NASA’s five Core Values, the funding requested in FY 2023
will help NASA focus on strengthening our diversity, equity, and inclusion policies and practices. NASA will
leverage existing grant programs, small business and university partnerships, and its STEM Engagement
efforts to empower underserved populations to participate in NASA research, training, and programming.
NASA has long understood that diversity and inclusion is not only a matter of justice or fairness, but also a
source of strength, innovation, and critical thinking.

Through the Office of STEM Engagement, NASA continues to create unique opportunities that engage
students in unique, authentic learning experiences that contribute to building a diverse future STEM
workforce. With a Budget of $150 million, NASA will expand initiatives to attract and retain underserved
and underrepresented students in engineering and other STEM fields, in partnership with minority serving
institutions and other higher education institutions. This Budget expands funding for NASA’s STEM
engagement efforts to equip our Nation for the future, by engaging and investing in the next generation of
scientists, engineers, mathematicians, and explorers.

With a Budget of $3.21 billion, NASA’s Safety, Security, and Mission Services (SSMS) account enables the
Agency’s portfolio of missions in space exploration, science, technology, and aeronautics. NASA manages
$43 billion in assets at installations in 14 states, with an inventory of over 5,000 buildings and structures.
Given a deferred maintenance backlog of $2.8 billion and the continued deterioration of NASA’s facilities,
approximately 30 percent of the $478 million facilities services budget is allocated to unplanned maintenance.
NASA will use a portion of the remainder to continue condition-based maintenance initiatives that are
reducing unplanned maintenance.
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FY 2023 Budget Request Executive Summary
NOTES ON THE BUDGET

The SSMS account funds the essential day-to-day technical and business operations required to safely operate
and maintain NASA centers and facilities and the independent technical authorities required to reduce risk to
life and program objectives for all missions. These mission support activities provide the essential services,
tools, and equipment to complete essential tasks, protect and maintain the security and integrity of
information and assets, and ensure that personnel work under safe and healthy conditions.

Planning, operating, and sustaining our missions, infrastructure, and essential services requires institutional
capabilities in management of human capital, finance, information technology, infrastructure, acquisitions,
security, real and personnel property, occupational health and safety, equal employment opportunity and
diversity, small business programs, external relations, strategic internal and external communications,
stakeholder engagement, and other essential corporate functions. Across this array of infrastructure and
essential functions, NASA continuously seeks opportunities to improve effectiveness and operate in a more
efficient and sustainable manner.

NASA has a key role in better understanding the worsening orbital debris environment to support the
development of innovative approaches to help protect the Nation’s satellites and reduce other risks posed by
space debris. The Budget provides over $30 million for orbital debris research, early-stage technology, and
measurement technologies.

Finally, the Construction and Environmental Compliance and Restoration (CECR) account enables NASA to
manage the Agency’s facilities with a focus on maintaining safe, sustainable assets that meet critical mission
needs. With an FY 2023 Budget of $424 million for CECR, NASA will continue to reduce its footprint by
consolidation of facilities via institutional construction projects. NASA will also achieve greater operational
efficiency by replacing old, obsolete, and costly facilities with fewer, higher performance facilities.
Programmatic construction projects in the FY 2023 Budget will provide specialized technical facilities
required by the missions. To protect human health and the environment, and to preserve natural resources for
future missions, environmental compliance and restoration projects will remediate pollutants released into the
environment during prior NASA activities.
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FY 2023 Budget Request Executive Summary
EXPLANATION OF BUDGET TABLES AND SCHEDULES

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021,
as adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the
FY 2022 column reflects the FY 2022 President's Budget Request.

SUM-10



FY 2023 Budget Request Executive Summary
EXPLANATION OF BUDGET TABLES AND SCHEDULES

EXPLANATION OF PROJECT SCHEDULE COMMITMENTS AND KEY MILESTONES

Programs and projects follow their appropriate life cycle. The life cycle is divided into phases. Transition
from one phase to another requires management approval at Key Decision Points (KDPs). The phases in
program and project life cycles include one or more life-cycle reviews, which are considered major
milestone events.

¢ Phase A: concept and technology development; and
¢ Phase B: preliminary design and technology completion.

Formulation
® Phase C: final design and fabrication;
* Phase D: system assembly, integration, test, launch and checkout;
* Phase E: operations and sustainment; and
Implementation * Phase F: closeout.

A life-cycle review is designed to provide the program or project with an opportunity to ensure that it has
completed the work of that phase and an independent assessment of a program’s or project’s technical and
programmatic status and health. The final life-cycle review in a given life-cycle phase provides essential
information for the KDP that marks the end of that life-cycle phase and transition to the next phase if
successfully passed. As such, KDPs serve as gates through which programs and projects must pass to
continue.

The KDP decision to authorize a program or project’s transition to the next life-cycle phase is based on a
number of factors, including technical maturity; continued relevance to Agency strategic goals; adequacy
of cost and schedule estimates; associated probabilities of meeting those estimates (confidence levels);
continued affordability with respect to the Agency’s resources; maturity and the readiness to proceed to
the next phase; and remaining program or project risk (safety, cost, schedule, technical, management, and
programmatic). At the KDP, the key program or project cost, schedule, and content parameters that
govern the remaining life-cycle activities are established.

For reference, a description of schedule commitments and milestones is listed below for projects in
Formulation and Implementation. A list of common terms used in mission planning is also included.
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Formulation

NASA places significant emphasis on project Formulation to ensure adequate preparation of project
concepts and plans and mitigation of high-risk aspects of the project essential to position the project for
the highest probability of mission success. During Formulation, the project explores the full range of
implementation options, defines an affordable project concept to meet requirements, and develops needed
technologies. The activities in these phases include developing the system architecture; completing
mission and preliminary system designs; acquisition planning; conducting safety, technical, cost, and
schedule risk trades; developing time-phased cost and schedule estimates and documenting the basis of
these estimates; and preparing the Project Plan for Implementation.

Formulation Explanation
Milestone
The lifecycle gate at which the decision authority determines the readiness of a program or
project to transition into Phase A and authorizes Formulation of the project. Phase A is the
first phase of Formulation and means that:
KDP-A e The project addresses a critical NASA need;
e  The proposed mission concept(s) is feasible;
e  The associated planning is sufficiently mature to begin activities defined for
formulation; and
e  The mission can likely be achieved as conceived.
System The lifecycle review in which the decision authority evaluates whether the functional and
Requirements performance requirements defined for the system are responsive to the program’s
Review (SRR) requirements on the project and represent achievable capabilities
System Definition | The lifecycle review in which the decision authority evaluates the credibility and
Review or responsiveness of the proposed mission/system architecture to the program requirements
Mission and constraints on the project, including available resources, and determines whether the
Definition maturity of the project’s mission/system definition and associated plans are sufficient to
Review begin the next phase, Phase B.
The lifecycle gate at which the decision authority determines the readiness of a program or
project to transition from Phase A to Phase B. Phase B is the second phase of Formulation
and means that:
KDP-B e The proposed mission/system architecture is credible and responsive toprogram
requirements and constraints, including resources;
e  The maturity of the project’s mission/system definition and associated plansis
sufficient to begin Phase B; and
e The mission can likely be achieved within available resources with acceptablerisk.
o The lifecycle review in which the decision authority evaluates the completeness/consistency
Prel}mlnary. of the planning, technical, cost, and schedule baselines developed during Formulation. This
Design Review review also assesses compliance of the preliminary design with applicable requirements and
(PDR) determines if the project is sufficiently mature to begin Phase C.
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Implementation

Implementation occurs when Agency management establishes baseline cost and schedule commitments
for projects at KDP-C. The projects maintain the baseline commitment through the end of the mission.
Projects are baselined for cost, schedule, and programmatic and technical parameters. Under
Implementation, projects are able to execute approved plans development and operations.

Implementation | Explanation

Milestone
The lifecycle gate at which the decision authority determines the readiness of a program or
project to begin the first stage of development and transition to Phase C and authorizes the
Implementation of the project. Phase C is first stage of development and means that:
KDP-C e  The project’s planning, technical, cost, and schedule baselines developed during

Formulation are complete and consistent;
e  The preliminary design complies with mission requirements;
e  The project is sufficiently mature to begin Phase C; and
e The cost and schedule are adequate to enable mission success with acceptablerisk.

The lifecycle review in which the decision authority evaluates the integrity of the project
design and its ability to meet mission requirements with appropriate margins and acceptable

Critical Design . L . S . . ; .
& risk within defined project constraints, including available resources. This review also

Review (CDR) determines if the design is appropriately mature to continue with the final design and
fabrication phase.
The lifecycle review in which the decision authority evaluates the readiness of the project
System and associated supporting infrastructure to begin system assembly, integration, and test. The
Integration lifecycle review also evaluates whether the remaining project development can be
Review (SIR) completed within available resources, and determine if the project is sufficiently mature to

begin Phase D.

The lifecycle gate at which the decision authority determines the readiness of a project to

continue in Implementation and transition from Phase C to Phase D. Phase D is a second

phase in Implementation; the project continues in development and means that:

KDP-D e The project is still on plan;

e  The risk is commensurate with the project’s payload classification; and

e  The project is ready for assembly, integration, and test with acceptable risk
within its Agency baseline commitment.

Launch Readiness | The date at which the project and its ground, hardware, and software systems are ready for
Date (LRD) launch.
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Other Common Terms for Mission Planning

Term Definition

o ) The individual authorized by the Agency to make important decisions on programs and
Decision Authority | proiects under their authority.
Formulation The document that authorizes the formulation of a program whose goals will fulfill part of
Authorization the Agency’s Strategic Plan and Mission Directorate strategies. This document establishes
Document the expectations and constraints for activity in the Formulation phase.

Key Decision Point
(KDP)

The lifecycle gate at which the decision authority determines the readiness of a program or
project to progress to the next phase of the life cycle. The KDP also establishes the
content, cost, and schedule commitments for the ensuing phase(s).

Launch Manifest

A list that NASA publishes (the “NASA Flight Planning Board launch manifest™)
periodically, which includes the expected launch dates for NASA missions. The launch
dates in the manifest are the desired launch dates approved by the NASA Flight Planning
Board and are not typically the same as the Agency Baseline Commitment schedule dates.
A launch manifest is a dynamic schedule that is affected by real world operational
activities conducted by NASA and multiple other entities. It reflects the results of a
complex process that requires the coordination and cooperation by multiple users for the
use of launch range and launch contractor assets. Moreover, the launch dates are a mixture
of “confirmed” range dates for missions launching within approximately six months, and
contractual/planning dates for the missions beyond six months from launch. The NASA
Flight Planning Board launch manifest date is typically earlier than the Agency Baseline
Commitment schedule date to allow for the operationally driven delays to the launch
schedule that may be outside of the project’s control.

Operational
Readiness Review

The lifecycle review in which the decision authority evaluates the readiness of the project,
including its ground systems, personnel, procedures, and user documentation, to operate
the flight system and associated ground system(s), in compliance with defined project
requirements and constraints during the operations phase.

Mission Readiness
Review or Flight
Readiness Review
(FRR)

The lifecycle review in which the decision authority evaluates the readiness of the project,
ground systems, personnel and procedures for a safe and successful launch and
flight/mission.

The lifecycle gate at which the decision authority determines the readiness of a project to
continue in Implementation and transition from Phase D to Phase E. Phase E is a third

KDP-E phase in Implementation and means that the project and all supporting systems are ready
for safe, successful launch and early operations with acceptable risk.

o The lifecycle review in which the decision authority evaluates the readiness of the project
Decgmmlssmnlng to conduct closeout activities. The review includes final delivery of all remaining project
Review deliverables and safe decommissioning of space flight systems and other project assets.

The lifecycle gate at which the decision authority determines the readiness of the project’s
KDP-F decommissioning. Passage through this gate means the project has met its program

objectives and is ready for safe decommissioning of its assets and closeout of activities.
Scientific data analysis may continue after this period.
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For further details, go to:

e NASA Procedural Requirement 7120.5F NASA Space Flight Program and Project Management
Requirements: https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=5F

o NASA Procedural Requirement NPR 7123.1B - NASA Systems Engineering Processes and
Requirements:
http://nodis3.gsfc.nasa.gov/npg_img/N PR 7123 001B_/N_PR 7123 001B_.pdf.

e NASA Launch Services Web site:_
http://www.nasa.gov/directorates/heo/launch_services/index.html.
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NASA AND COVID-19

Since March 2020, NASA (along with the rest of the world) has adapted to the historic challenges of
COVID-19. As COVID-19 cases surged across the country, NASA quickly adopted a new operational
model that included a dramatic increase in off-site telework, transitioning from in-person scientific and
technical interchange meetings to virtual and hybrid events, and instituting protocols to allow personnel
building flight hardware to safely work at NASA and contractor facilities. Under this new operating
model, NASA has conducted some of the most ambitious missions in its history, including the landing the
Perseverance rover on Mars and the first flight of a helicopter on another planet, the first launch of
commercial crew transportation to the International Space Station, and the launch and deployment of the
revolutionary James Webb Space Telescope. Throughout the COVID-19 pandemic, NASA has prioritized
the health and productivity of its workforce, a focus reflected in the Agency’s continued ranking by
employees as the best place to work in the Federal Government.

COVID-19 has impacted NASA projects in multiple ways, including: facility shutdowns, restarts, and
reduced on-site access due to social distancing and cleaning protocols; interruptions to test and
construction efforts; disruptions in travel to both domestic and international partner locations; and
pressures on the overall aerospace supply chain. NASA cost reserves and schedule margins are under
pressure as projects utilize some of those resources to offset COVID-19-related impacts. These pandemic-
related pressures on cost reserves and schedule margin, in turn, leave fewer reserves and margins to
address other risks that are expected in development of NASA’s complex missions.

To date, NASA has notified Congress of nine projects across the Agency that have experienced cost and
schedule growth due in part to COVID-19 pressures. These projects include the Roman Space Telescope,
James Webb Space Telescope, Geostationary Carbon Observatory (GeoCarb), Surface Water and Ocean
Topography (SWOT), the NASA-Indian Space Research Organization Synthetic Aperture Radar
(NISAR), the Orion exploration crew vehicle, the On-orbit Servicing, Assembly, and Manufacturing 1
(OSAM-1) and Solar Electric Propulsion (SEP) technology demonstration missions, and the Low-Boom
Flight Demonstration (LBFD).

It is difficult to project a specific estimate of the total long term impact of COVID-19 on Agency
programs and missions at this time. In March 2021, the NASA Office of the Inspector General noted that
the total Agency impact due to COVID-19 could be nearly $3 billion'. Even as COVID-19 appears to be
transitioning from a pandemic emergency to a more long term endemic health issue, a final accounting of
the full impact of the COVID-19 pandemic on Agency activities will not be available until well after the
Agency and its contractors have resumed normal operations.

V' COVID-19 Impacts on NASA’s Major Programs and Projects, 1G-20-016, March 31, 2021
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DEEP SPACE EXPLORATION SYSTEMS

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Common Exploration Systems Development 4,538.7 44837 4,6684 3,613.8 3,111.9 28456 2,376.8
Artemis Campaign Development 1,672.1  2,062.0  2,600.3 2,973.8 3,489.3 3,853.9 4,450.7
Human Exp Requirements & Architecture 9.5 9.5 48.3 48.9 49.5 50.0 50.5
Mars Campaign Development 176.2 195.0 161.3 161.6 162.7 162.7 162.8
Total Budget 6,396.5 6,750.2 7,4783 6,798.1 6,813.4 6,912.3 7,040.8

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

Deep Space Exploration Systems ..........cc.ccceveeuvevreeennn... DEXP-3

Common Exploration Systems Development............oceeeiiiiiiiiiinieccccnnnn, DEXP-6
ORION PROGRAM ...ttt ettt e e a e e e st e e e e e nseeaaeeennneneeeas DEXP-8
Crew Vehicle Development [Development].......c..cocoieciiiiieieii i DEXP-11
SPACE LAUNCH SYSTEM .....ooiiiiiiiee ettt DEXP-27
Launch Vehicle Development [Development] ..., DEXP-29
EXPLORATION GROUND SYSTEMS.......oociiiiiie e DEXP-42
Exploration Ground Systems Development [Development] .........ccccoiiiiiiieiiiiiiiinene. DEXP-44
Artemis Campaign Development............cccommmmnninin e DEXP-59
GATEWAL ettt ettt e e e e ettt e e e e et e e e e e a et e e e e sseeeeeeansneeeeeannneeeens DEXP-61
ADV CISLUNAR AND SURFACE CAPABILITIES........cccoiiiieeeeeee e DEXP-69
HUMAN LANDING SYSTEM ...ttt DEXP-73
XEVA AND HUMAN SURFACE MOBILITY PROGRAM........cccoiveeiiiieeeeeiiieen DEXP-78
Human Exp Requirements & Architecture..........oeueeiirrieiiirrreeccceeeeennne, DEXP-82
MOON & MARS ARCHITECTURE ......ocoiiiiiii e DEXP-83
Mars Campaign Development.........ccceuiiiiiiiiimmmme s DEXP-86
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EXPLORATION CAPABILITIES ....ooooie e DEXP-88
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DEEP SPACE EXPLORATION SYSTEMS

FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Common Exploration Systems Development 4,538.7 4,483.7 4,6684 3,613.8 3,1119 28456 2,376.8
Artemis Campaign Development 1,672.1 2,062.0  2,600.3 2973.8 3,489.3 3,853.9 4,450.7
Human Exp Requirements & Architecture 9.5 9.5 48.3 48.9 495 50.0 50.5
Mars Campaign Development 176.2 195.0 161.3 161.6 162.7 162.7 162.8
Total Budget 6,396.5 6,750.2 7,478.3 6,798.1 6,813.4 6,912.3 7,040.8
Change from FY 2022 Budget Request 728.1
Percent change from FY 2022 Budget Request 10.8%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY
2022 column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

The FY 2023 budget request includes $7.478 billion for Deep Space Exploration Systems to pursue the
Artemis Campaign, which is focused on returning humans to the Moon, conducting pioneering research
and technology development activities on the lunar surface, and enabling eventual missions to Mars and
beyond. In a series of Artemis missions, NASA will land the first woman and first person of color on the
Moon and will explore more of the lunar surface than ever before. In collaboration with our commercial
and international partners, NASA will create the capabilities necessary to sustainably explore the Moon.
The operational knowledge, technological advances, and scientific discoveries we gain from exploring the
Moon in collaboration with international and commercial partners will position us to take the next giant
leap - sending astronauts to Mars.

The Exploration Systems Mission Directorate (ESDMD) will leverage the Science Mission Directorate's
(SMD) development of smaller landers for capabilities such as navigation and precision landing as well as
for the data about the lunar surface that they will provide. It will also leverage investments through the
Space Technology Mission Directorate's (STMD) lunar exploration activities. The Deep Space
Exploration Systems account consists of four themes which provide for the development of systems and
capabilities needed for human exploration of space:

Common Exploration Systems Development (CESD);
Artemis Campaign Development (ACD);

Human Exploration Requirements & Architecture (HERA);
Mars Campaign Development (MCD).
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This is a new organizational structure for the FY 2023 Budget that reflects the reorganization of the
former Human Exploration and Operations Mission Directorate, with CESD (previously Exploration
Systems Development) being renamed, and ACD, HERA, and MCD replacing the retired Exploration
Research and Development (ERD) theme.

NASA's CESD programs are working together to build the space transportation system made up of the
Orion crew vehicle, Space Launch System (SLS) rocket, and Exploration Ground Systems (EGS). This
system will enable the Agency's Artemis missions, extending human presence into the solar system by
transporting crews to lunar orbit and safely back to Earth in preparation for future missions to Mars.

The ACD theme is comprised of three programs previously funded under the Exploration Research and
Development (ERD) theme: Advanced Cislunar and Surface Capabilities (ACSC), Gateway, Human
Landing System (HLS), and one newly formed program: Exploration Extravehicular Activity (xEVA) and
Human Surface Mobility. The overarching goal of ACD is to develop the systems that will be used to
land humans on the Moon, explore the lunar surface, and prepare for Mars exploration. ACD is both
developing and testing prototype systems, as well as planning and developing flight missions to lunar
orbit and the Moon to develop systems and operation capabilities that enable an eventual mission to Mars.
ACD's work will create the exploration infrastructure in lunar orbit and on the lunar surface that
astronauts will use during Artemis missions and that will inform future missions to Mars.

The overarching goal of HERA is to provide support in the development of human exploration campaigns
to the Moon and beyond. HERA's work will identify the exploration infrastructure required for Artemis
missions that will inform future missions to Mars. It also works to ensure that lunar exploration systems
are extensible to Mars exploration where technically feasible and cost-effective. HERA includes the
Moon & Mars Architecture Development Office which manages the architecture strategy activity that
supports mission manifest planning and overall architecture requirements and capability identification.
HERA also maintains the Systems Engineering and Integration (SE&I) required to support the top-level
technical integration across ESDMD, Space Operations Mission Directorate (SOMD), SMD, and STMD
to include Artemis missions and future exploration planning.

The overarching goal of the new MCD theme is to start working on long-lead technology challenges that
will need to be solved in order for an eventual crewed mission to Mars to succeed. Together with ACD,
MCD is both developing and testing prototype technologies, as well as contributing to the planning and
development of flight missions to lunar orbit and the Moon to develop systems and operations capabilities
that enable an eventual mission to Mars. The Exploration Capabilities Program develops habitation
systems technologies to enable long missions on the lunar surface and in deep space as well as fill high
priority technology gaps. MCD will begin conducting preliminary concept studies for future systems,
including an eventual transit habitat that will provide living quarters and other basic life support functions
for an eventual human mission to Mars.

EXPLANATION OF MAJOR CHANGES IN FY 2023

e Renames the old Exploration Systems Development theme as Common Exploration Systems
Development.

e Moved Orion Production and Sustainment as well as Exploration Operations Program funding to
Space Operations account.

e Establishes Artemis Campaign Development as a new theme that contains the Gateway, HLS and
ACSC programs that previously resided under the ERD theme. Establishes the XEVA and Human
Surface Mobility program as the fourth program within ACD.
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o Establishes Human Exploration Requirements & Architecture as a new theme.
o Establishes Mars Campaign Development as a new theme that contains the Exploration Capabilities
program that previously resided under the ERD theme.

For more information, go to: https://www.nasa.gov/directorates/exploration-systems-development
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Deep Space Exploration Systems

COMMON EXPLORATION SYSTEMS DEVELOPMENT

FY 2023 Budget

Op Plan Enacted Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Orion Program 1,403.7 1,406.7 1,338.7 415.0 116.5 52.0 19.0
Crew Vehicle Development 1,387.8 1,388.8 1,325.3 415.0 116.5 52.0 19.0
Orion Program Integration and Support 15.9 17.9 134 0.0 0.0 0.0 0.0
Space Launch System 2,555.0 2,487.0 2,579.8 2,534.6 24846 23265 1,9255
Launch Vehicle Development 2,488.4 24140 2,505.7 2,4558 2,393.2 22344 1,832.7
SLS Program Integration and Support 66.6 73.0 74.0 78.8 91.3 92.0 92.7
Exploration Ground Systems 580.0 590.0 749.9 664.2 510.8 467.2 4323
Exploration Ground Systems Development 569.2 585.3 747.3 660.0 503.8 460.0 425.0
EGS Program Integration and Support 10.8 4.7 2.6 4.2 7.0 7.2 7.3
Construction & Envrmtl Compl Restoration 66.2 89.3 86.2 0.0 0.0 0.0 0.0
Exploration CoF 66.2 89.3 86.2 0.0 0.0 0.0 0.0
Total Budget 4,604.9 4,573.0 4,754.6 3,013.8 3,111.9 2,845.6 2,376.8

Change from FY 2022 Budget Request 181.6

Percent change from FY 2022 Budget Request 4.0%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.
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COMMON EXPLORATION SYSTEMS DEVELOPMENT

The core stage for the first flight of NASA’s Space Launch
System rocket is seen in the B-2 Test Stand during a
second hot fire test, on Thursday, March 18, 2021. This
took place at NASA’s Stennis Space Center near Bay St.
Louis, Mississippi. The four RS-25 engines fired for the
full-duration of eight minutes during the test and
generated 1.6 million pounds of thrust. The hot fire test is
the final stage of the Green Run test series, a
comprehensive assessment of the Space Launch System’s
core stage prior to launching the Artemis L. mission.

NASA's Common Exploration Systems
Development (CESD) programs are working
together to build the space transportation system
made up of the Orion crew vehicle, the Space
Launch System (SLS) rocket, and the
Exploration Ground Systems (EGS). This system
will enable the Agency's Artemis missions,
extending human presence into the solar system
by transporting crews to the Gateway or to the
Moon's surface in the Human Landing System
for long-term exploration and in preparation for
future missions to Mars. The CESD program
objectives support Agency Strategic Goal 2,
which seeks to extend human presence to the
Moon and on towards Mars for sustainable long-
term exploration, development, and utilization.

NASA's Orion spacecraft is designed to support
human exploration missions to deep space, with
a crew of four, with habitation and life support
on-board for missions up to 21 days. Building
upon more than 50 years of spaceflight research
and development, Orion's versatile design will
not only carry crew to space, but also provide

emergency abort capability, sustain crew during space travel, and provide safe reentry at deep space return
velocities. The Orion systems are designed to operate in a contingency mode to augment life support

systems in other space transport systems.

The SLS rocket is a heavy-lift launch vehicle that will launch astronauts in the Orion spacecraft on
missions to cislunar space so they can return to the surface of the Moon and visit other destinations. The
Block 1 configuration, which is the configuration for Artemis I, stands at 322 feet and features a lift
capability of 95 metric tons to low-Earth orbit (LEO), and over 27 metric tons to translunar injection for
Moon missions with 8.8 million pounds of maximum thrust. The evolution of the architecture, currently
planned for first use on Artemis IV, will include an Exploration Upper Stage (EUS), associated Universal
Stage Adapter, and Payload Adapter which provides space for co-manifested payloads. This Block 1B
configuration will be capable of delivering at least 37.3 metric tons of net payloads to Trans-Lunar
Injection on crewed missions. The 37.3 metric ton total includes Orion, which weighs 27 metric tons.

The objective of EGS is to enable Kennedy Space Center (KSC) to process and launch Orion and SLS in
support of the Artemis missions. To achieve this transformation, NASA is developing new ground
systems while refurbishing and upgrading infrastructure and facilities to meet tomorrow's demands.

The Artemis Campaign is the next step in human exploration of our solar system. It is a part of NASA’s
Moon to Mars exploration approach, in which NASA will pursue its next giant leap, sustained human
exploration of the Moon, to develop the skills, systems, and operational capabilities required to enable
human missions to Mars. As NASA works towards a sustainable Moon to Mars campaign, it is essential
the Agency and its contractors reduce production and operations costs for CESD systems, and NASA is
examining options to achieve this goal. Through a reduction in CESD program costs, the Agency can
focus on the many other capabilities needed for future deep space systems and successful exploration

missions.
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Deep Space Exploration Systems:

ORION PROGRAM

Common Exploration Systems Development

FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027
Crew Vehicle Development 1,387.8 1,388.8°  1,325.3 415.0 116.5 52.0 19.0
Orion Program Integration and Support 159 17.9 134 0.0 0.0 0.0 0.0
Total Budget 1,403.7 1,406.7 1,338.7 415.0 116.5 52.0 19.0
Change from FY 2022 Budget Request -68.0
Percent change from FY 2022 Budget Request -4.8%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the F'Y 2022
column reflects the FY 2022 President's Budget Request.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

—— "
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The picture above is Artemis I1I Crew
Module (CM) in the Operation and
Checkout building (O&C) at Kennedy
Space Center (KSC) for processing.

The Orion spacecraft will play an integral role in the Artemis
Campaign, serving as an exploration vehicle that will carry crew
to space, sustain the crew during space travel, provide emergency
abort capability, and provide safe re-entry from deep space return
velocities for Artemis Missions. This capsule-shaped vehicle has a
familiar look, but it incorporates numerous technology
advancements and innovations. The spacecraft will enable
extended duration missions beyond low-Earth orbit, to the Moon,
and eventually to Mars.

Development of the Orion spacecraft will be completed after the
Artemis I mission and development of the Rendezvous,
Proximity Operations and Docking (RPOD) capability for the
Artemis III mission. Orion's design, development, testing
(including the flight tests), and evaluation will have the spacecraft
ready to carry crew on Artemis II with a current launch date of no

earlier than May 2024 and ready to support subsequent Artemis missions. The budget request supports
launches at the earliest technically feasible dates.

To align with the Agency reorganization implemented in FY 2022, production and sustainment of crew
vehicles for Artemis III and beyond will be budgeted in the Exploration Operations theme in the Space
Operations account. Residual development activity will continue to be funded in the DSES account.

The full Orion Program will continue to be managed by a single Orion Program Office, with a single
Orion Program Manager, which will manage the Orion funds in both the DSES and Space Operations
accounts. Orion's interfaces with other NASA programs and with the prime contractor and other

contractors will remain unchanged.
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ORION PROGRAM

The full budget for the Orion Program is as follows:

(in $ millions) FY 2021 | FY 2022 | FY 2023 | FY 2024 | FY 2025 | FY 2026 | FY 2027
Integration and Support 15.9 17.9 13.4 - - - -
Development 13878 | 13888 | 13253 | 4150 1165 52 19
Orion Exploration 14037 | 14067 | 13387 | 4150| 1165 52.0 19.0
Total

Production and ] | TBD| 7869| 9253| 9902 10225
Sustainment

Operations - - TBD 46.0 47.0 47.0 48.0
Orion Space Ops Total : . T8 | 9123 10372 | 1,070.5

Orion Program Total 1,403.7 1,406.7 1,338.7 1,247.9 1,088.8 1,089.2 1,089.5

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The FY 2023 President’s budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

For more information, go to: http://www.nasa.gov/orion

Program Elements

ORION PROGRAM INTEGRATION AND SUPPORT

Orion Program Integration and Support activities manage the program interfaces between the Space
Launch System and the Exploration Ground Systems. This effort is critical to ensuring Orion’s
performance meets technical and safety specifications, and it supports programmatic assessments key to
achieving integrated technical, cost, and schedule management. In addition, the Orion integration effort is
vital to managing interfaces with other Exploration Systems Development Mission Directorate (ESDMD)
and Space Operations Mission Directorate (SOMD) activities, including strategic studies, feasibility
studies, and small-scale research tasks that feed into future human exploration. Coordination and timely
integration across ESDMD are aimed at mitigating the impacts of potential design overlaps, schedule
disconnects and delays, and cost overruns.
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ORION PROGRAM

CREW VEHICLE DEVELOPMENT

Orion will be capable of transporting humans to orbit around the Moon, sustaining them for longer
durations beyond low-Earth orbit than ever before, providing emergency abort capability, and returning
them safely to Earth. See the Crew Vehicle Development section starting on the next page for additional
details.

ORION PRODUCTION AND SUSTAINMENT (FUNDED IN SPACE OPERATIONS)

Described in the Space Operations account, Exploration Operations theme.

EXPLORATION OPERATIONS PROGRAM (FUNDED IN SPACE OPERATIONS)

Described in the Space Operations account, Exploration Operations theme.
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CREW VEHICLE DEVELOPMENT

FY 2023 Budget

Op Plan Request Request
Budget Authority (in $ millions) Prior FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 | BTC _ Total
Formulation 4,509.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4,509.6
Development/Implementation 6,870.9  788.4 816.1 513.0 197.8 115.1 0.0 0.0 0.0 9,301.2
Dperations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2022 MPAR LCC Estimate 11,380.5  788.4 816.1 513.0 197.8 115.1 0.0 0.0 0.0 13,810.8
Total Budget 11,605.2 1,387.8 1,388.8 1,3253  415.0 116.5 52.0 19.0 0.0 16,309.6
[Change from FY 2022 Budget Request -63.5
Percent change from FY 2022 Budget 4.6%
Request

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The difference between the total budget and the MPAR LCC estimate is the total budget includes content outside of
Artemis Il and excludes CoF; LCC only includes Artemis II content, including CoF.

The total budget prior line represents FY 2011 pre-formulation and FY 2012 - FY 2020 budgets, excluding CoF and
additional expenditures from 2005-2011 under the Constellation program.

The FY 2023 President's budget request for NASA includes authority to transfer funds in FY 2023 from Orion Multi-
purpose Crew Vehicle to Exploration Operations for Orion Production and Operations, up to $718 million,
contingent on assessments following Artemis 1.

~

PROJECT PURPOSE

Orion will be capable of transporting humans to orbit around
the Moon, sustaining them for longer durations beyond low-
Earth Orbit than ever before, providing emergency abort
capability, and returning them safely to Earth. Drawing from
more than 50 years of human spaceflight research and
development, as well as stimulating new and innovative
manufacturing and production capabilities, Orion’s design will

(ESM) and Artemis III Crew Module meet the evolving needs of our Nation’s space program.
(CM) pressure vessel side by side in the ) ) )
Operations and Checkout (O&C) For more information, go to http://www.nasa.gov/orion

building at Kennedy Space Center (KSC).
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CREW VEHICLE DEVELOPMENT

EXPLANATION OF MAJOR CHANGES IN FY 2023

The proposed funding levels provide the necessary resources for the Artemis I launch. They are also
sufficient allow the program to support Artemis II and III launches as soon as is technically feasible. After
analyzing programmatic milestones, NASA has moved the target launch date for Artemis I to no earlier
than (NET) May 2022 and Artemis II target launch date to NET May 2024. During calendar year 2021,
the Orion Program re-baselined their Agency Baseline Commitment (ABC) and related budget to reflect
the Artemis II changes.

PROJECT PARAMETERS

Orion is the vehicle that will fly astronauts from Earth to orbits around the Moon and back again. Orion
will be able to carry a crew of four astronauts to cislunar space and beyond, as well as provide habitation
and life support for up to 21 days. The spacecraft’s four elements are the Crew Module (CM), the Crew
Module Adaptor (CMA), the European Service Module (ESM), and the Launch Abort System (LAS). The
European Space Agency (ESA) is designing and developing the ESM, which provides in-space power,
propulsion, and other life support systems. The CM, which is the pressure vessel, will mount to the CMA
and ESM to become the Crew and Service Module (CSM). Atop the CSM will sit the LAS, which will
activate within milliseconds to propel the CM to safety away from the launch vehicle in the event of an
emergency during launch or ascent to orbit. The abort system also provides a protective shell that shields
the CM from dangerous atmospheric loads and heating during ascent. Once Orion is out of the atmosphere
and safely on its way to orbit, the spacecraft will jettison the LAS.

Orion's first mission is Artemis I, an uncrewed flight test that will demonstrate key Orion spacecraft
capabilities. The next mission, Artemis II, is a crewed test flight, with a current mission profile of
transporting up to four crewmembers on a free return trajectory around the Moon. For Artemis III, the
first Artemis mission to the lunar surface, the Orion spacecraft will rendezvous and dock with Gateway or
the Human Landing System (HLS) spacecraft. The crew and necessary equipment will transfer from the
Orion spacecraft, potentially via Gateway, into the HLS, which will then undock, descend, and land on the
lunar surface. At the conclusion of the lunar surface operations, the HLS will lift off from the lunar
surface. The HLS will re-dock with Gateway or the Orion spacecraft where the crew will transfer back
into Orion for their return to Earth. Although the module has a familiar visual shape, its interior and
exterior capabilities far exceed any geometrically similar predecessors. The crew systems will provide a
safe environment for astronauts to live and work for 21 days during missions far from Earth. Orion’s
advanced heat shield will protect the crew during a high-speed reentry into Earth's atmosphere, heating
that will exceed that experienced by any human spacecraft in more than five decades. For Artemis IV and
subsequent lunar missions, Orion will dock with the Gateway in a Near-Rectilinear Halo Orbit around the
Moon, giving astronauts access to more areas of the lunar surface and better communication capabilities
than the Apollo program.

ACHIEVEMENTS IN FY 2021

European Service Module (ESM)-1 Acceptance Review was completed, a milestone which transferred
ownership from ESA to NASA.
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CREW VEHICLE DEVELOPMENT

Lockheed Martin completed the final installations on the Artemis I CSM and handed the vehicle over to
Exploration Ground Systems (EGS) for ground operations. Following the handover, the CSM was moved
to the Multi-Purpose Processing Facility (MPPF) for servicing with hypergolic propellants, high pressure
gas, and ammonia. In addition, the installation of the LAS and ogive panels and functional tests were also
completed.

Artemis I flight software load 28E and Patch 9 was released. The flight software covers all phases of
Orion flight from pre-launch through post-landing.

The CM Structural Test Article (STA) arrived at Langley Research Center (LaRC) in Hampton, VA, for a
series of Water Impact Tests (WIT) to assess the impact to the spacecraft's primary and secondary
structures under water landing conditions. The WIT campaign included three vertical drops and one swing
test. Data from this test campaign will be used as final model correlation for Artemis II loads and
structural verification, and the Artemis II flight.

Installation of the Artemis II CM Environmental Control and Life Support System (ECLSS) and
propulsion subassemblies as well as proof pressure and leak tests were completed at KSC's Operations
and Checkout (O&C) building. Orion's propulsion system will provide the propulsive capability to
transport the spacecraft for the duration of the mission after separation from SLS's Interim Cryogenic
Propulsion State (IPCS). ECLSS will provide the crew with a pressure and temperature-controlled
environment, breathable air, and potable water during the mission.

Orion completed Artemis Il CMA ECLSS and propulsion proof and leak testing. Avionics, power
subsystems and wire harnesses were installed in the Artemis II CMA.

Preparations for the Artemis II heatshield thermal cycle testing were completed. The ablative Avcoat resin
material will protect the crewed spacecraft as it experiences temperatures up to 5000 Fahrenheit during
high-speed entry into the Earth’s atmosphere.

Lastly, Artemis II software build 203 was released. The software build provides for entry mission and
supports the CSM-2 initial power-on procedure checkout in the Integrated Test Lab (ITL).

WORK IN PROGRESS IN FY 2022

Orion delivered an early release of software build 204 for the on-orbit mission phase in October 2021 and
formal release of software build 204 will take placed in March 2022. The integrated test of software build
204 for the on-orbit portion of the Artemis II mission, ITL-204, began in August 2021 and will conclude
in May 2022.

The Artemis I spacecraft processing activities concluded with Thermal Protection System (TPS) closeout
tasks and final vehicle inspections. Following those activities, the Orion spacecraft was successfully
mated to the Space Launch System (SLS) in October 2021 in the Vehicle Assembly Building (VAB) at
KSC.

A series of Artemis I integrated tests are currently underway and will culminate in a Wet Dress Rehearsal
(WDR) of the integrated stack on the Mobile Launcher at Launch Pad 39B no earlier than April 2022. The
launch of the Artemis I mission, planned for NET May 2022 will take the Orion spacecraft beyond the
Moon and demonstrate its performance capability during launch, transit to lunar orbit, return to Earth, re-
entry, landing, and recovery.
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After the Artemis I mission, the Orion Program will conduct a post-flight analysis to assess spacecraft
performance against flight test objectives. The program will recover certain non-core avionics
components from the returned spacecraft for reuse in the Artemis II mission.

The Artemis II non-core avionics will be removed from the Artemis I spacecraft, refurbished, and
delivered to KSC in the summer of 2022 for installation into the CM-2. For future missions, which are
provided under the Orion Production and Sustainment (OPOC) contract, re-use of components is planned
to reduce assembly costs of subsequent Orion builds. All new build non-core avionics for the Artemis II
spacecraft will be delivered by May 2022 and all core avionics were delivered by January 2022.

Artemis II CM functional tests will be performed April thru June 2022. Following installation of the
refurbished non-core avionics into the CM, the Artemis II heatshield will be installed in September 2022
(assuming NET May 2022 Artemis I launch). The Artemis II docking camera and translational hand
controllers will be delivered in September 2022 for installation in the CM to support proximity operations
activities planned for the Artemis II mission.

Orion completed Artemis II CMA wire harness and subsystem installations in October 2021, the final step
prior to mating with the ESM. ESM-2 was delivered to KSC in the same month. The Artemis [I ESM and
CMA have been mated to form the Service Module (SM). After mating, the SM will undergo clean room
operations for ECLSS welding, followed by proof pressure and leak tests, which will be completed by
October 2022 in preparation for mating with the CM to form the Artemis II CSM.

Fabrication, assembly, integration and testing of the Artemis II LAS is continuing in FY 2022. The
Launch Abort System Facility (LASF) was turned over for Artemis II LAS processing in October 2021.
The LAS forward interstage was shipped in place at the Michoud Assembly Facility (MAF) in the same
month. Fabrication of the LAS ogives are underway at MAF. Delivery of the Artemis Il LAS’s Motor
Adapter Truss Assembly (MATA) is planned for April 2022, and all ogives to be delivered to MAF by
November 2022. The ogives are protective panels that will shield the crew module from the severe
vibrations and sounds it will experience during launch.

Orion will conduct integrated testing of the ECLSS and the Orion Crew Survival System Suit (OCSS) in
the Orion Life Support Integration Facility (OLIF) at the NASA Johnson Space Center (JSC) to further
validate the performance of these systems in preparation for the crewed Artemis II mission. OLIF testing
will take place from July thru October 2022.

Human In The Loop (HITL) testing, which is critical to ensuring that spacecraft system meet human
compatibility and safety requirements, will be performed in FY 2022 in support of the Artemis II crewed
mission, HITL cabin testing completed in December 2021 and will be followed by HITL testing of
displays and controls from August 2022 to April 2023.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

The Orion spacecraft uses a significant amount of software for commanding functions, monitoring, and
transmitting data, performing fault detection and response, and other tasks. Testing of the flight software
is critical to safety and mission success. Formal release of software build 205 is anticipated and supports
ascent/abort scenarios.
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Completion of final testing and closeout of the Artemis II CM is expected. Thereafter, the CM will be
mated with the Artemis SM to form the CSM.

Artemis II CSM will undergo final assembly, installation, and testing.

Lockheed Martin will complete assembly, integration, and testing of the Artemis II LAS and deliver the
system to NASA.

In preparation for Artemis II, Orion will complete OLIF testing of the ECLSS. The program will also
complete HITL testing of displays.

Artemis III CM assembly, integration, and testing will continue, with CM readiness mating to the SM
later in the year.

The delivery of ESM-3 to KSC is planned for NET February 2023. The Artemis I[II ESM and CMA will
be mated to form the SM and will undergo final installation and testing for the following few months. The
SM mating with the CM will form the Artemis III CSM.

Several key functional components to include the RPOD system will be delivered and the initial release of
RPOD software will be released. These key components support the planned Initial Power On (IPO)
testing of the CM in the O&C for Artemis III. The RPOD system enables rendezvous, proximity
operations, docking, as well as undocking operations that will begin with the Artemis III mission. A key
high fidelity, Six-Degree-of-Freedom Test System (SDTS) of the RPOD system, complete with docking
cameras and sensors, will be conducted at a Lockheed Martin facility in Denver, CO. These tests will
demonstrate the safety-critical operation of the RPOD hardware and software in the dynamic proximity
operations environment.

Following delivery of the Artemis IV pressure vessel and primary structure parts to KSC, Orion will
continue with structural assembly, proof test, and subsystem installations on the CM.

Orion will conduct a preliminary MIR for Artemis I'V docking system components.

Delivery of Artemis IV pressure vessel to KSC is anticipated in Q2 FY 2023.

SCcHEDULE COMMITMENTS/KEY MILESTONES

Milestone Confirmation Baseline Date FY 2023 PB Request
System Design Review (SDR) Aug 2007
Preliminary Design Review (PDR) Aug 2009

Key Decision Point-A (KDP-A) Feb 2012 Feb 2012
Resynchronization Review Jul 2012

KDP-B Q1 FY 2013 Jan 2013

Delta PDR Q4 FY 2013 Aug 2014
Ezsil(;rgltion Flight Test-1 (EFT-1) Dec 2014 Dec 2014
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KDP-C, Project Confirmation FY 2015 Sep 2015
Critical Design Review (CDR) Oct 2015 Oct 2015
Ascent Abort-2 (AA-2) Flight Test | FY 2020 Jul 2019
Artemis I Launch Readiness FY 2018 NET May 2022
Artemis II Launch Readiness Apr 2023 NET May 2024

Development Cost and Schedule

NET May
2024

2015 | 6,768.4 70% | 2022 9,301.2 +37.4% | Artemis II | Apr 2023 13

The above revised baseline cost and Launch Readiness Date were approved by the Agency Program Management
Council per section 103 of the NASA Authorization Act of 2005 (P.L. 109-155)
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Development Cost Details

TOTAL: 6,768.4 9,301.2 +2,532.8
Mission Operations 281.6 407.7 +126.1
Program Management 671.5 1,144.3 +472.8
Sufety and Mission 191.4 196.2 1438
Spacecraft and Payload 3,205.1 6,003.5 +2,798.4
f’nytsetgegtsii“gineermg and 539.3 772.5 +233.2
Test and Verification 460.6 607.5 +146.9
Other Direct Project Costs 1,418.9 169.5 -1,249.4

Program unallocated future expenses (UFE) was held in “Other” category in the base year estimate and realigned
to other elements as the program matured.

Project Management & Commitments

Provider: JSC

The crew module provides a safe

habitat for the crew, as well as Lead Center: JISC
Crew Module storage for consumables and Performing Center(s): Ames Research | \j/o
research instruments, and it serves | Center (ARC), Glenn Research Center
as the docking port for crew (GRC), JSC, and LaRC
transfers. Cost Share Partner(s): N/A

The service module, the Provider: ESA

powerhouse that fuels and propels | Lead Center: GRC
Service Module | the Orion spacecraft, will support | Performing Center(s): ARC, GRC, N/A
the Crew Module from launch JSC, and LaRC

through separation before reentry. | . qpare Partner(s): ESA

The launch abort system Provider: JSC

maneuvers the Crew Module to Lead Center: LaRC

Launch Abort . )

System safety in the event of an . Performing Center(s): JSC, LaRC, and | N/A
emergency during launch or climb | Marshall Space Flight Center (MSFC)
to orbit. Cost Share Partner(s): N/A

DEXP-17



Deep Space Exploration Systems: Common Exploration Systems Development: Orion Program

CREW VEHICLE DEVELOPMENT

Development

Project Risks

Risk Statement

Mitigation

If: The Artemis I Orion non-core avionics
delivery is delayed.

Then: The Artemis II CSM handover date to
EGS will be impacted.

Teams are assessing opportunities to streamline the time for
non-core avionics recovery and refurbishment following
Artemis I launch.

If: Orion suppliers and/or Assembly
Integration and Processing work experience
delays,

Then: Final integration and Orion spacecraft
deliveries to Exploration Ground Systems for
launch processing could be delayed.

Production efforts have been impacted by the pandemic’s direct
effect on workforce as well as the workforce changes and
attrition experienced in the years since the pandemic started.
This has been particularly noticeable in certain high skilled
jobs, such as technicians. These same issues impact the Orion’s
international partners and supply chain flow of parts and
materials into the program.

To minimize impacts, Orion’s integrated teams have adjusted
the flow of activities and production/integration shifts to
minimize delays in production and the integration critical path
flow.

The program will continue to reassess activity timing,
opportunities to improve integration efficiency, and increased
workforce in critical areas to maintain production and
integration progress, but workforce and supply chain challenges
remain.
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Acquisition Strateqy

NASA is using a contract with Lockheed Martin Corporation for Orion’s design, development, test, and
evaluation. The contract was awarded in 2006 and reaffirmed in 2011 as part of reformulating the Orion
Crew Exploration Vehicle as the Orion Program. Orion adjusted this contract to meet NASA and the
Human Exploration and Operations Mission Directorate (HEOMD), now Explorations Systems
Development Mission Directorate (ESDMD), requirements to include the current flight test plan and the
Artemis II flight readiness date.

In 2012 NASA signed an implementing arrangement with ESA to provide service modules for the Orion
spacecraft for Artemis I and later added Annexes 1 and 2 for ESA to provide the European Service
Module (ESM) for Artemis II. Incorporating the partnership with ESA also required a contract
modification with Lockheed Martin to integrate the ESA-provided service module with the Lockheed
Martin portion of the spacecraft. Lockheed Martin has integrated ESM-1 with CM-1 and performed
environmental testing of the integrated spacecraft. Lockheed Martin handed the vehicle over to EGS in
January 2021 for ground operations. ESA delivered ESM-2 to NASA on October 14, 2021.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)

Orion Design and Development, Test and
Evaluation (DDT&E) Lockheed Martin Littleton, CO

INDEPENDENT REVIEWS

c Date of Next
Review Type | Performer Review Purpose Outcome Review

To evaluate the program’s
functional and
performance
requirements, ensuring
}Sg;t&r;lemen ts Mar proper formulation and
Review Review 2007 correlation with Agengy
(SRR) Board (SRB) and HEOMD’s strategic
objectives; assess the
credibility of the
program’s estimated
budget and schedule.

Standing Program cleared to proceed

to next phase. N/A
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Development

System
Design
Review
(SDR)

SRB

Aug
2007

To evaluate the proposed
program requirements and
architecture; allocation of
requirements to initial
projects; assess the
adequacy of project pre-
formulation efforts;
determine if maturity of
the program’s definition
and plans are enough to
begin implementation.

Program cleared to proceed
to next phase.

N/A

Preliminary
Design
Review
(PDR)

SRB

Sep
2009

To evaluate completeness
and consistency of the
program’s preliminary
design, including its
projects meet all
requirements with
appropriate margins,
acceptable risk, and
within cost and schedule
constraints; determine the
program’s readiness to
proceed with the detailed
design phase.

Program cleared to proceed
to next phase.

N/A

Resynchroniz
ation Review

SRB

Jul 2012

To realign the program’s
preliminary design to the
current Exploration
Systems Development
(ESD) requirements.
NASA policies allow
changes to a program’s
management agreement in
response to internal and
external events. An
amendment to the
decision memorandum is
signed at the KDP-B
review held before PDR if
a significant divergence
occurs.

Program cleared to proceed
to next phase.

N/A
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Development

Delta PDR

SRB

Aug
2014

To update the program’s
preliminary design;
ensure completeness and
consistency; determine
the program’s readiness to
proceed with the detailed
design phase.

Program cleared to proceed
to next phase.

N/A

Critical
Design
Review
(CDR)

SRB

Oct
2015

To evaluate the integrity
of the program integrated
design, including its
projects and ground
systems, its ability to meet
mission requirements with
appropriate margins and
acceptable risk, and that it
is planned within cost and
schedule constraints;
determine if the integrated
design is appropriately
mature to continue with
the final design and
fabrication phase for
Exploration Mission
(EM)-1.

Program cleared to proceed
to next phase.

N/A

ESM CDR

SRB

Oct
2016

To evaluate the integrity
of the program integrated
design, including its
projects and ground
systems, its ability to meet
mission requirements with
appropriate margins and
acceptable risk, and that it
is planned within cost and
schedule constraints;
determine if the integrated
design is appropriately
mature to continue with
the final design and
fabrication phase for EM-
1.

Program cleared to proceed
to next phase.

N/A
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Development

To evaluate the readiness
. of the program, including
Icrlrtl:crz.:lltion its projects and supporting
& infrastructure, to begin
Review (CIR) Nov Program cleared to proceed
N/A system Assembly, N/A
/ System 2016 . . to next phase.
Integration Integratlog, and Testing
Review (SIR) (AI&T) with acceptable
risk, and within cost and
schedule constraints.
To evaluate the integrity
of the program integrated
design, including its
projects and ground
systems, its ability to meet
Independent mission requirements with
Assessment appropriate margins and
Artemis 11 (IA)/ Dec acceptable risk, and that it | Program cleared to proceed N/A
CDR Independent | 2018 is planned within cost and | to next phase.
Review schedule constraints;
Team (IRT) determine if the integrated
design is appropriately
mature to continue with
the final design and
fabrication phase for EM-
2.
Schedule .
' ASSOSSOTS Programmgtlc assessment
ESD Artemis from Office and analysis of Artemis I NASA leadership was
I Independent . Jun schedules across all ESD . .
of the Chief . briefed on Artemis I launch | N/A
Schedule . . 2019 programs with an .
Assessment Financial emphasis on program date options.
Officer ¢
(OCFO) performance and risks.
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Development

Performance

Inspector
General (IG)

Jul 2020

To examine the Agency's
management in tracking,
reporting overall cost
goals of the Orion Multi-
Purpose Crew Vehicle
Program,

NASA’S Management of
the Orion Multi-Purpose
Crew Vehicle Program
(IG-20-08) IG made three
recommendations to
increase the sustainability,
accountability, and
transparency of the Orion
Program as it pursues the
goal of landing astronauts
on the moon by 2024.
These areas covered cost
reporting, adjusting
production schedules for
future missions to align
with the Artemis II mission
to reduce schedule delays
associated with potential
rework and improving
NASA’s management of
award fees.

N/A

Performance

Inspector
General (IG)

Dec
2020

To address NASA's
Aerospace Safety
Advisory

Panel concerns over the
Agency’s plans to return-
to-the-Moon by 2024.

NASA's Challenges to
Safely Return Humans to
the Moon by 2024 (1G-21-
007)

1G identified returning to
the Moon as a top
management and
performance challenge and
will continue oversight of
NASA’s management of
the Artemis Campaign and
the Agency’s human
exploration efforts through
other audits and reviews.

N/A
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Development

Review Type | Performer 3::;;:: Purpose Outcome g:ﬁew
GAO made two
To assess the progress the | recommendations to
programs are making establish baselines ahead of
towards Artemis I with a key design review and
General respect to schedule and improve internal reporting
Accountin Dec cost, and the extent to about capability upgrades
Performance Office ¢ 2020 which the programs are for hume?n spacye P N/A
(GAO) positioned to support the | exploration programs
planned Artemis flight beyond Artemis . NASA
schedule beyond Artemis | concurred with the
L recommendations made in
this report.
To confirm that flight and
ground hardware
elements, software,
ESD support equipment, The IRT confirmed the
. Independent facilities, and .
Enterprise . Jan . programs are sufficiently
Integration Review 2021 infrastructure are ready to mature to proceed for N/A
Review (EIR) Team §upport .assembly, integrated operations
integration, test, and
mission operations per the
planned schedule for
Artemis I.
To evaluate the integrity
of the upgrade's integrated
design, including its
ability to meet mission The docking capability was
requirements with found to be sufficiently
appropriate margins and mature to proceed to final
. acceptable risk, and that it | design and fabrication;
Docking . . o
Capability IA/IRT April is planned w1thlq costand | costs were analyzed as part N/A
CDR 2021 schedule constraints of the | of the Orion program Joint
broader Orion program; Cost and Schedule
determine if the integrated | Confidence Level analysis
design is appropriately and reported as part of the
mature to continue with Orion program re-baseline.
the final design and
fabrication phase for
flight on Artemis III.
Artemis Status Update (IG-
Inspector Apr To provide an update on 21-018) - IG will continue
Performance the NASA 2020 Artemis to monitor the Agency’s N/A
General (IG) | 2021 e
Plan. efforts towards achieving
2020 Artemis Plan.
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Development

Review Type | Performer 3::;;:: Purpose Outcome g:f':ew
Significant Work Remains,
Underscoring Challenges
to Achieving Moon
Landing in 2024 (GAO-21-
230) - GAO made four
To assess NASA's ability recommendations,
General to accomplish the March including that NASA
. - document the process for
Performance Accounting | May 29 19 .Whlte House . determining key N/A
Office 2021 direction to accelerat@ its programmatic and
(GAO) Elarfls fora 1ur1ar2131;(img technical tools for the
y four yeats to ’ Artemis missions. NASA
concurred with three of the
recommendations, but not
the fourth, which related to
the costs included in a
lunar rover's cost estimate.
To assess risks and plans | The IRT reviewed and
System Ma for starting integration of | approved (technical and
Integration IA/IRT ) 02yl all hardware into the programmatic products) for | N/A
Review (SIR) structure to build up the the project to proceed to
flight vehicle. Phase D.
To assess system
assembly, integration, and | The IRT reviewed and
Aug test; granted Orion to proceed
KDP-D . 2021 verification/certification; with re-baseline cost and N/A
prelaunch activities; schedule.
launch; and checkout.
To assess the Artemis
campaign’s schedule and | NASA's Management of
projected costs as well as | the Artemis Missions (IG-
Performance Inspector Nov how 'th.e. Agency’s 22—003) -1G wil'l .cpntinue N/A
General 2021 acquisition and to monitor acquisition and
programmatic approaches | programmatic approach for
facilitate landing Artemis Missions.
astronauts on the Moon.
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Development

Moon Landing Plans Are
Advancing but Challenges
Remain (GAO-22-105533)
- GAO restated its 10
General To update NASA's previous recomme ndations
Accountin, Mar rogress and challenges in related to improving
Performance & progr g NASA's management of its | N/A
Office 2022 working towards the first .
(GAO) three Artemis missions Artemis efforts and related
' programs. NASA generally
agreed with these
recommendations and
plans to take steps to
implement them.
Opergtlonal To evaluate the readiness
Readiness :
Review/ of the project to operate
Flicht NET the flight system and
gt IA/IRT March associated ground system; | N/A N/A
Readiness
. 2024 and support systems for
Review
safe and successful launch
(ORR/FRR) and flight/mission
for Artemis II ’
Launch
Readiness
Date/Initial NET To assess all capabilities
Operations IA/IRT May of the vehicle to support N/A N/A
Capability 2024 the readiness to launch.
(LRD/1OC)
for Artemis II
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FY 2023 Budget

Op Plan Request. Request

Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Launch Vehicle Development 2,4884 24140 2,505.7 2,4558 23932 22344 1,832.7
SLS Program Integration and Support 66.6 73.0 74.0 78.8 913 92.0 92.7
Total Budget 2,555.0 2,487.0 2,579.8 2,534.6 2,484.6 2,326.5 1,925.5
Change from FY 2022 Budget Request 92.8
Percent change from FY 2022 Budget Request 3.7%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

NASA'’s Orion spacecraft is stacked atop the
Space Launch System rocket at Kennedy Space
Center for the upcoming uncrewed flight test
around the Moon. With targeted liftoff in May
2022, the Artemis I flight data will anchor
analytical models used for mission-to-mission
flight certification as well as models and
processes to design and certify future
configurations.

Program Elements

NASA continues development of a heavy-lift launch
vehicle to deliver crew and large volumes of cargo to
deep space. The Space Launch System (SLS) program is
preparing to carry humans farther into deep space than
ever before.

SLS will play an integral role in the Artemis Campaign
as a human-rated launch system intended to deliver the
Orion spacecraft with crew beyond low-Earth orbit. This
launch system will be used in each of the Artemis
missions, beginning with Artemis I, which will launch
no earlier than May 2022. The Agency will continue to
identify and implement affordability strategies to help
SLS become a sustainable exploration capability used by
subsequent Artemis missions.

The budget request supports launches at their earliest
technically feasible dates. For more information, go to:
http://www.nasa.gov/exploration/systems/sls/index.html

SLS PROGRAM INTEGRATION AND SUPPORT

SLS Program Integration and Support activities manage the program interfaces between Orion and
Exploration Ground Systems. This effort is critical to ensuring the performance of SLS systems meets
technical and safety specifications, and supports programmatic assessments key to achieving integrated
technical, cost, and schedule management. In addition, the SLS integration effort is vital to managing
interfaces with other Exploration Systems Development Mission Directorate and Space Operations
Mission Directorate activities, including strategic studies, feasibility studies, and small-scale research
tasks that feed into future human exploration. Coordination and timely integration across the programs are

DEXP-27


http://www.nasa.gov/exploration/systems/sls/index.html

Deep Space Exploration Systems: Common Exploration Systems Development

SPACE LAUNCH SYSTEM

critical to mitigating the impacts of potential design overlaps, schedule disconnects and delays, and cost
overruns.

LAUNCH VEHICLE DEVELOPMENT

The Launch Vehicle Development project will develop the SLS launch vehicle to enable deep space
exploration and support production and sustainment for flights. See the Launch Vehicle Development
section beginning on the next page for additional details.
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FY 2023 Budget

Op Plan Request Request
Budget Authority (in $ millions) Prior FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 | BTC  Total
Formulation 2,673.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,673.9
Development/Implementation 8,491.1 4293 187.9 0.0 0.0 0.0 0.0 0.0 0.0 9,108.3
Dperations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2022 MPAR LCC Estimate 11,165.0  429.3 187.9 0.0 0.0 0.0 0.0 0.0 0.0 11,782.2
Total Budget 16,676.5 2,488.4 2,414.0  2,505.7 2,455.8 2,393.2 2,234.4 1,832.7 0.0 33,000.7
[Change from FY 2022 Budget Request 91.7
Percent change from FY 2022 Budget 3.8%
Request

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The difference between the total budget and the MPAR LCC estimate is the total budget includes content outside of
Artemis I and excludes CoF; LCC only includes Artemis I content, including CoF.

With the arrival of the SLS Core Stage at KSC in April 2021, NASA is continuing to assess the schedule and work
remaining for the Artemis I mission. NASA Leadership will review the results of these assessments before
considering potential updates to the Artemis I and Il launch planning dates.
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PROJECT PURPOSE

In support of the Artemis mission, the Launch Vehicle
Development project will enable deep space exploration with the
Space Launch System (SLS) launch vehicle. For the first time
since the Apollo program in 1972, American astronauts will
explore space beyond low-Earth orbit (LEO) and return to the
Moon, reinvigorating America's human exploration of the solar
system.

EXPLANATION OF MAJOR CHANGES IN FY 2023

The current Artemis I Launch Readiness Date (LRD) is no earlier
than (NET) May 2022. The current LRD for Artemis II is NET
May 2024.

NASA is focusing on successful completion of Artemis I and II
and preparation required for Artemis III and IV. The first three
flights will feature the SLS Block 1 configuration, utilizing a
human-rated Interim Cryogenic Propulsion Stage (ICPS). The
Budget will be used to continue development of the SLS Block 1B
configuration with the Exploration Upper Stage (EUS) for a first
flight on Artemis I[V. This block evolution approach focuses
NASA and its contractors on successfully delivering and flying
the Block 1 SLS before folding in the additional Block 1B
developments.

SLS rocket for Artemis I inside High
Bay 3 of the Vehicle Assembly
Building (VAB) at NASA's Kennedy
Space Center (KSC) in Florida.

PROJECT PARAMETERS

The primary components of the SLS include the Launch Vehicle Stage Adapter (LVSA), the ICPS, the
core stage and avionics, two five-segment solid rocket boosters, and four RS-25 engines.

The SLS core stage is over 200 feet tall, and atop it sits the LVSA, which connects the ICPS and core
stage. The Launch Vehicle Stage Adapter (LVSA) provides structural support for launch and separation
loads and protects propulsion system electrical components. The core stage contains five primary
subcomponents, including the forward skirt, liquid oxygen tank, intertank, liquid hydrogen tank, and
engine section. The engine section is the attach point for the four RS-25 engines, which combined with
the boosters will produce maximum thrust of 8.8 million pounds. On each side of the core stage, the five-
segment solid rocket boosters will stand 17 stories tall and burn five tons of propellant per second. The
boosters connect via the intertank and engine section attach points and will augment initial thrust for the
first two minutes of flight.

The Launch Vehicle Development project leverages hardware designed for heritage programs, including
adapted and refurbished Space Shuttle RS-25 main engines, five-segment Shuttle-derived solid rocket
boosters, and an ICPS derived from the Delta cryogenic second stage. The program benefits from
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NASA’s over half-century of experience and knowledge of liquid oxygen and hydrogen heavy-lift
vehicles, large solid rocket motors, and advances in technology and manufacturing practices, such as
friction stir welding. The SLS rocket will generate a total thrust at liftoff greater than that of the Saturn V
rocked used in the Apollo program.

The launch vehicle development follows a block evolution framework where the core stage will serve as
the common component in all future configurations. The Block 1 configuration, which is the
configuration for Artemis I, stands at 322 feet and features a lift capability of over 27 metric tons to
translunar injection for Moon missions. With this performance, Block 1 will be able to send the Orion
spacecraft towards the Moon. This SLS configuration will allow Orion to demonstrate deep space
technologies and hardware required for Earth-independent missions.

The planned evolution of the architecture to the Block 1B configuration will include an Exploration Upper
Stage (EUS), associated Universal Stage Adapter (USA) and Payload Adapter (PLA) to support Co-
Manifested Payloads (CPLs). This Block 1B configuration will be capable of delivering at least 37.3
metric tons of net payloads (Orion and up to 10.3 metric tons of additional payloads) to Trans-Lunar
Injection (TLI) on crewed missions

ACHIEVEMENTS IN FY 2021

Artemis I fully integrated core stage testing, also known as the Green Run, was completed in FY 2021.
The test series ended with a hot-fire on March 18, 2021. This final hot-fire test was critical to ensuring all
core stage components are ready for vehicle certification and final integration at Kennedy Space Center
(KSC). After Green Run, the core stage flight article, which required very little refurbishment, was
removed from the test stand at the Stennis Space Center and transported to KSC. At KSC, the core stage
was successfully integrated with the two solid rocket boosters, the LVSA, and the ICPS. The ICPS was
mated to the stack in July, and an Umbilical Release and Retract Test was completed in September.

Also, SLS completed a series of design certification review periods that concluded with a successful
Design Certification Review (DCR) process in January 2021 and concluded in September 2021. This
multiple segment process certifies the vehicle in preparation for the Artemis I Flight Readiness Review.

Hardware production continued on Artemis II, the first crewed flight of SLS, at Michoud Assembly
Facility (MAF) in New Orleans. Hardware fabrication of key Core Stage components included the
forward skirt (completed in February 2021), intertank (completed at MAF in March 2021), liquid oxygen
tank (completed in April 2021), liquid hydrogen tank, and engine section.

SLS continued to mature the capabilities of the more powerful Block 1B (B1B) vehicle. An Independent
Review Team (IRT) completed its initial review of the B1B Exploration Upper Stage (EUS) and
associated activities during the summer and fall of 2021, recommending that EUS move into Key
Decision Point Phase C, which is the final design and fabrication stage. The IRT has committed to remain
engaged with the program for the upcoming Critical Design Review (CDR), ensuring continuous
independent assessment of the B1B upgrade.
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WORK IN PROGRESS IN FY 2022

The final stacking of the SLS elements for Artemis I was completed on October 11, 2021, when the Orion
Stage Adaptor (OSA) was mated to the stack. The OSA also contained 10 secondary payloads that will be
released after the ICPS separates from the Orion spacecraft. The Orion spacecraft was mated to the OSA,
completing stacking of all components for the Artemis I mission.

Hardware production continues for Artemis II, the first crewed flight of SLS with fabrication and
outfitting of the liquid oxygen tank, liquid hydrogen tank, and engine section at MAF; as well as the
completion of the first major join to create the forward section (forward skirt, liquid oxygen tank and
intertank). Teledyne Brown Engineering has welded all LVSA panel sections and applied its thermal
protection system, and United Launch Alliance has shipped the second ICPS from Decatur, AL, to KSC.
SLS is also continuing Artemis Il hardware completion with production of the OSA, delivery of four RS-
25 engines to MAF for integration, and completion of booster forward and aft assemblies. The program
completed the first flight readiness analysis cycle for Artemis II. With the completion of the liquid
hydrogen tank, the next major join will occur with the mate of the forward section and hydrogen tank. In
addition, the Core Stage Engine Section integration activities continue.

The B1B vehicle will have an internal Boeing review with NASA insight in preparation for a CDR in the
summer of 2022. Autonomous Flight Safety System (AFSS) is currently under development by the B1B
Development Office to replace the heritage Flight Termination System. These range safety systems are
used to destroy the vehicle in the event of a major malfunction. The AFSS will be flown in shadow
(monitor only) mode on Artemis III and fully operational on Artemis IV. It replaces the old system, which
will no longer be supported by the United States Space Force.

Artemis III hardware production will continue, including the Artemis III OSA, ICPS-3, and LVSA for this
mission. The panels for the LVSA will be welded together. SLS will initiate contract actions for the
Stages Production and Evolution Contract (SPEC) in 2022. In November 2021, SLS awarded the Booster
Production and Operation Control (BPOC) contract. This includes production and operations for boosters
for Artemis IV-VIII and design, development, test, and evaluation of a booster flight set as part of Booster
Obsolescence and Life Extension (BOLE) for Artemis [X.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

SLS will complete core stage two final assembly and integration with delivery to Exploration Ground
Systems (EGS) at KSC for stacking and integration. Artemis II will be the first crewed launch of the SLS
rocket and the Orion spacecraft.

Artemis III hardware production will continue, including the Artemis III OSA, ICPS-3, core stage
components and launch vehicle stage adaptor for this mission. Artemis [V hardware production will
continue.
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Schedule Commitments/Key Milestones

Key Decision Point-A (KDP-A) Nov 2011 Nov 2011
Formulation Authorization May 2012 May 2012
System Requirements Review (SRR) May 2012 May 2012
Iéiﬁ?ﬁ?ﬁ%f roject Management Jul 2012 Jul 2012
Preliminary Design Review (PDR) Board Jun 2013 Jun 2013
KDP-C APMC Jan 2014 Jan 2014
Critical Design Review (CDR) Board Jul 2015 Jul 2015
Design Certification Review Sep 2017 Sep 2021
Artemis I Launch Readiness* Nov 2018 NET May 2022

*Currently under review until wet dress rehearsal

Development Cost and Schedule

Artemis | NET Ma
2015 6,390.4 70% 2022 9,108.3 +42.5% | Launch Nov 2018 2022 Yo 4
Readiness

Note: NASA continues to review past reporting, and estimates do not necessarily accurately incorporate actual
expenditures to date. Additionally, cost and confidence levels do not reflect the cost impacts of currently anticipated
schedule delays. The estimates are expected to increase as NASA assesses the impacts of further delays and updates
reporting on expenditures. Estimates that include combined cost and schedule risks are denoted as joint confidence
level (JCL), all other confidence levels (CLs) reflect cost confidence without necessarily factoring the potential
impacts of schedule changes on cost.
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Development

Development Cost Details

TOTAL: 6,390.4 9,108.3 +2,717.9
Stages Element 3,138.6 5,183.7 +2,045.1
Liquid Engines Office* 567.3 495.5 -71.8
Booster Element 1,090.3 1,053.3 -37.0
Eﬁg"gfﬁi i‘lyégi‘,‘;é;“egra“"n 447.1 640.2 +193.1
Other 1,147.1 1,735.6 +588.5

*The Agency Baseline Commitment previously included fixed and shared costs with the RS-25 production restart
activity (in the Liquid Engines Office), which supports Artemis I and later missions. SLS removed those costs from
the estimate and significantly lowered the Artemis I Liquid Engines Olffice and Base Year Development Cost

Estimate.

Project Management & Commitments

Responsible for development, Provider: Marshall Space Flight Center
testing, production, and (MSFC)
Booster support for the five-segment | Lead Center: MSFC N/A
solid rocket motor to be used | Performing Center(s): MSFC
on initial capability flights. Cost Share Partner(s): N/A
Responsible for development | Provider: MSFC
and/or testing, production, and Lead Center: MSFC
Engines support for both core stage ) N/A
(RS-25) and upper stage Performing Center(s): MSFC; SSC
liquid engines. Cost Share Partner(s): N/A
Responsible for development, .
Block 1B testing, and production of the Proyider: MSFC
initial Exploration Upper Lead Center: MSFC
Development . N/A
Office Stage, as well as devel(?pment Performing Center(s): MSFC/MAF; SSC
for the Autonomous Flight Cost Share Partner(s): N/A
Safety System (AFSS).
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Development

Responsible for development,

testing, production, and Provider: MSFC

support of hardware elements, | | cad Center: MSFC
Stages including core and upper o ) ) N/A

stages, liquid engine Performing Center(s): MSFC/MAF; SSC

integration, and avionics Cost Share Partner(s): N/A

integration.

Responsible for development, .

testing, production, and Provider: MSFC

support of hardware elements | Lead Center: MSFC
Spacecraft : . . )

for integrating the Orion Performing Center(s): MSFC, Langley
Payloads and i ) N/A
Integration Spacecra an payloads onto | Research Center (LaRC), Glenn

SLS, including the ICPS, Research Center (GRC), and KSC

OSA, LVS.A_’ USA, and Cost Share Partner(s): N/A

payload fairings.

Project Risks

If: SLS suppliers and/or
Assembly Integration and
Processing work experience
delays,

Then: Final integration and SLS
Launch Vehicle deliveries to
Exploration Ground Systems for
launch processing could be
delayed.

Production efforts have been impacted by the pandemic’s direct effect on
workforce as well as the workforce changes and attrition experienced in
the years since the pandemic started. This has been particularly noticeable
in certain high skilled jobs, such as technicians. These same issues impact
the SLS's supply chain flow of parts and materials into the program.

To minimize impacts, SLS's teams have adjusted the flow of activities and
production/integration shifts to minimize delays in production and the
integration critical path flow.

The program will continue to reassess activity timing, opportunities to
improve integration efficiency, and increased workforce in critical areas to
maintain production and integration progress, but workforce and supply
chain challenges remain.

DEXP-35




Deep Space Exploration Systems: Common Exploration Systems Development: Space Launch
System

LAUNCH VEHICLE DEVELOPMENT

Acquisition Strateqy

MAJOR CONTRACTS/AWARDS

Procurement for SLS launch vehicle development meets the Agency’s requirement to provide an
evolvable vehicle within a schedule that supports various mission requirements. Procurements include use
of existing assets to expedite development and further development of technologies and future
competitions for advanced systems and key technology areas specific to SLS vehicle needs.

Universal Stage Adaptor | Dynetics, Inc. Huntsville, AL

Launch Vehicle Stage Teledyne Brown Engineering, Inc. Huntsville, AL

Adaptor

Boosters Northrop Grumman Innovation Systems Magna, UT

Core Stage Engine Aerojet Rocketdyne Desoto Park, CA; SSC

ICPS United Launch Alliance under contract to Huntsville, AL
Boeing Aerospace

Stages (Core and Upper) | Boeing Aerospace New Orleans, LA

Upper Stage Engines Acrojet Rocketdyne West Palm Beach, FL

INDEPENDENT REVIEWS

To evaluate the completeness
. P . The SRB evaluated
and consistency of the planning, .
. the project and
technical, cost, and schedule !
.. . . determined the
Preliminary baselines developed during project is
De51.gn SRB Aug formulatlop, assess comphapce sufficiently mature N/A
Review 2013 of the preliminary design with .
. . to begin Phase C
(PDR) applicable requirements; and .
.. N and begin final
determine if the project is .
. . design and
sufficiently mature to begin c
fabrication.
Phase C.
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Development

Review Type | Performer 3::,::: Purpose Outcome g:ﬁew
To evaluate the integrity of the
project design and its ability to The SRB evaluated
meet mission requirements with | the project and
. appropriate margins and determined the
Critical . oy L
Design acc.eptable rlsk.w1th.1n deﬁned prOJeqt is
Review SRB Jul 2015 proj ect constraints, including sufficiently rnatur.e N/A
(CDR) available resources. To to progress to major
determine if the design is manufacturing,
appropriately mature to continue | assembly, and
with the final design and integration.
fabrication phase.
Exploration Schedule
Systems Assessors Programmatic assessment and
Development from Offi Ivsis of Artemis I schedul NASA leadership
(ESD) rom Office analysis o emis I schedules was briefed on
. of the Chief | Jun 2019 | and schedule risk across all ESD . N/A
Artemis I . . . . Artemis I launch
Financial programs with an emphasis on .
Independent . date options.
Officer program performance and risks.
Schedule (OCFO)
Assessment
NASA's
Management of
Space Launch
System Program
Costs and Contracts
To update the status of Core (IG-20-012) NASA
Stages development and concurred with IG
examine the remaining major recommendations
SLS elements and corresponding | including reviewing
prime contracts to determine the | Human Exploration
Tnspector Mar exteqt to which. the SLS is anfi (.)perat.ions
Performance General (IG) | 2020 meeting Artemis 1 cost and Mission Directorate | N/A
schedule goals, that NASA is and program
tracking and appropriately management
reporting overall cost and policies, procedures,
schedule goals, and SLS is and ABC reporting
managing cost and schedule for | processes; and
key contracts. improvements to
contract
management, cost
accounting and
performance
monitoring.
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Development

Programmatic assessment and . .
ESD Artemis Independent analysis of Artemis I schedule Estab.hshed revised
. Review Apr 2020 . . baseline and launch | N/A
I Re-baseline Team (IRT) and schedule risks of Artemis I readiness date
launch date and JCL. ’
NASA's Challenges
to Safely Return
Humans to the
Moon by 2024 (1G-
21-007)
1G identified
returning to the
Tofaddress NASA'S Aerospace Moon as a top
Inspector Safety Advisory management and
Performance | - o (IG) Dec 2020 | Panel concerns over the performance N/A
Agency’s plans to return-to-the- | challenge and will
Moon by 2024. continue oversight
of NASA’s
management of the
Artemis campaign
and the Agency’s
human exploration
efforts through other
audits and reviews.
GAO made two
recommendations to
establish baselines
To assess the progress the ahead of a key
programs are making towards design review and
Artemis I with respect to improve internal
General . schedule and cost, and the extent | reporting about
Performance g;gé:ntmg Dec 2020 | to Wl}iCh the programs are capability upgrades | N/A
positioned to support the planned | for human space
(GAO) Artemis flight schedule beyond exploration
Artemis I. programs beyond
Artemis I. NASA
concurred with the
recommendations
made in this report.
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Development

ESD
Enterprise
Integration
Review (EIR)

IRT

Jan 2021

To confirm that flight and
ground hardware elements,
software, support equipment,
facilities and infrastructure are
ready to support assembly,
integration, test, and mission
operations per the planned
schedule for Artemis 1.

The IRT confirmed
the programs are
sufficiently mature
to proceed for
integrated
operations.

N/A

Performance

Inspector
General (IG)

Apr 2021

To provide an update on the
NASA 2020 Artemis Plan.

Artemis Status
Update (IG-21-018)
- IG will continue to
monitor the
Agency’s efforts
towards achieving
2020 Artemis Plan.

N/A

Performance

General
Accounting
Office
(GAO)

May
2021

To assess NASA's ability to
accomplish the March 2019
White House direction to
accelerate its plans for a lunar
landing by four years to 2024.

Significant Work
Remains,
Underscoring
Challenges to
Achieving Moon
Landing in 2024
(GAO-21-230) -
GAO made four
recommendations,
including that
NASA document the
process for
determining key
programmatic and
technical tools for
the Artemis
missions. NASA
concurred with three
of the
recommendations,
but not the fourth,
which related to the
costs included in a
lunar rover's cost
estimate.

N/A
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. Date of Next
Review Type | Performer Review Purpose Outcome Review
. To certify the implemented This multiple
Design design complies with applicable | SCEMIEnt Process
Certification g p pp certified the vehicle
. SLS IRT Sep 2021 | requirements and necessary . . N/A
Review verification activities are in preparation for
(DCR) satisfactorily completed the Artemis I Flight
y P ' Readiness Review.
NASA's
To assess the Artemis Management of the
Campaign’s schedule and Artemis Missions
projected costs as well as how (1IG-22-003) - IG
Inspector Nov , . . .
Performance the Agency’s acquisition and will continue to N/A
General 2021 . . o
programmatic approaches monitor acquisition
facilitate landing astronauts on and programmatic
the Moon. approach for
Artemis Missions.
Moon Landing Plans
Are Advancing but
Challenges Remain
(GAO-22-105533) -
GAO restated its 10
previous
recommendations
General , related to improving
. To update NASA's progress and ,
Accounting | Mar . . NASA's
Performance challenges in working towards . N/A
Office 2022 the first three Artemis missions management of its
(GAO) * | Artemis efforts and
related programs.
NASA generally
agreed with these
recommendations
and plans to take
steps to implement
them.
Operational
Readiness To evaluate the readiness of the
Review/ project to operate the flight
Flight Independent NET Apr | system and associated ground
. Assessments . N/A N/A
Readiness (IA)/IRT 2022 system; and support systems for
Review safe and successful launch and
(ORR/FRR) flight/mission.
for Artemis I
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Launch
Readiness
Date/Initial NET To assess all capabilities of the
Operations IA/IRT May vehicle to support the readiness | N/A N/A
Capability 2022 to launch.
(LRD/1OC)
for Artemis I
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 580.0 590.0 749.9 664.2 510.8 467.2 432.3
Change from FY 2022 Budget Request 159.9
Percent change from FY 2022 Budget Request 271%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The Exploration Ground Systems (EGS) program will
play an integral role in the Artemis missions by enabling
integration, processing, and launch of the Space Launch
System (SLS) and Orion spacecraft. EGS is making all
required facility and ground support equipment
modifications at Kennedy Space Center (KSC) to enable
assembly, test, and launch of SLS and Orion, along with
landing and recovery activities of the Orion spacecraft
flight elements in support of Artemis missions. EGS is
also modernizing communication and control systems to
support these activities.

The EGS program, based at KSC, develops and operates
the systems and facilities necessary to process,
assemble, transport, and launch spacecraft and rockets.
EGS’s mission is to enable the Center to handle future
Artemis missions.

NASA's Space Launch System and Orion
Spacecraft in High Bay 3 of the Vehicle Assembly
Building.

EGS is upgrading the launch pad, Launch Complex-39B
(LC-39B), crawler-transporters, Vehicle Assembly
Building (VAB), Launch Control Center’s Young-Crippen Firing Room 1, mobile launcher-1 (ML-1), and
other ground facilities for crewed operations.

For more information, go to: https://www.nasa.gov/exploration/systems/ground/index.html

Program Elements

EGS PROGRAM INTEGRATION AND SUPPORT

EGS Program integration and support activities manage program interfaces between the SLS and Orion.
This effort is critical to ensuring ground systems' performance meets technical and safety specifications
and supports the programmatic assessments key to achieving integrated technical, cost, and schedule
management. In addition, the EGS integration effort is vital to managing interfaces with other Exploration
Systems Development Mission Directorate and Space Operations Mission Directorate activities, including
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strategic studies, feasibility studies, and small-scale research tasks that feed into future human
exploration. Coordination and timely integration across the three programs is aimed at mitigating the
impacts of potential design overlaps, schedule disconnects and delays, and cost overruns.

EXPLORATION GROUND SYSTEMS DEVELOPMENT

EGS Development is developing necessary ground systems as well as refurbishing and upgrading
infrastructure and facilities required for assembly, test, and launch of SLS and Orion, along with landing
and recovery activities of Orion. This includes LC-39B, the VAB, the ML, and other smaller facilities.
See the Exploration Ground Systems Development section beginning on the following page for additional
details.
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FY 2023 Budget

Op Plan Request Request
Budget Authority (in $ millions) Prior FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027 | BTC  Total
Formulation 974.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9747
Development/Implementation 2,289.7  200.9 101.9 0.0 0.0 0.0 0.0 0.0 0.0 25925
Dperations/Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2022 MPAR LCC Estimate 3,264.5 2009 101.9 0.0 0.0 0.0 0.0 0.0 0.0 3,567.3
Total Budget 4,168.0  569.2 585.3 747.3  660.0 503.8 460.0 425.0 0.0 8,118.6
[Change from FY 2022 Budget Request 162.0
Percent change from FY 2022 Budget 27.7%
Request

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The difference between the total budget and the MPAR LCC estimate is the total budget includes content outside of
Artemis I and excludes CoF; LCC only includes Artemis I content, including CoF.

With the arrival of the SLS Core Stage at KSC in April 2021, NASA is continuing to assess the schedule and work
remaining for the Artemis I mission. NASA Leadership will review the results of these assessments before
considering potential updates to the Artemis I and Il launch planning dates.
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PROJECT PURPOSE

Exploration Ground Systems (EGS) is preparing to launch the
Space Launch System (SLS) and Orion spacecraft in support of
the Artemis missions. EGS is developing the necessary ground
systems while refurbishing and upgrading infrastructure and
facilities required for assembly, test, and launch of SLS and
Orion, along with the landing and recovery activities of Orion.
This includes the pad, known as Launch Complex-39B (LC-
39B), the Vehicle Assembly Building (VAB), mobile launchers
1 and 2 (ML-1, ML-2), and other smaller facilities to evolve
from a Space Shuttle focus to supporting Artemis missions. The
modernization efforts maintain flexibility for LC-39B and the
VAB to accommodate other potential users and commercial
partners, though no other users have been identified to date.
Following the Artemis I launch of the first SLS and Orion, the
ML-1, VAB, and LC-39B will undergo additional modifications
to accommodate crewed flight. Kennedy Space Center (KSC)

Shown here is the fully assembled Space has more than 50 years serving as our Nation’s gateway to
Launch System rocket and Orion exploring the universe. Using the knowledge and assets of
Spacecraft in High Bay 3 of the Vehicle NASA'’s successful spacefaring past, the EGS Program is

Assembly Building at NASA's Kennedy helping to build a successful future for human spaceflight.

Space Center in Florida.

For more information, go to:_http://go.nasa.gov/groundsystems

EXPLANATION OF MAJOR CHANGES IN FY 2023

The current Artemis I target Launch Readiness Date (LRD) is no earlier than (NET) May 2022 (currently
being assessed, pending final integration and test). The current target LRD for Artemis Il is NET May
2024. Due to poorly-defined requirements, poor contractor performance, and increased material costs,
additional funding has been added to the budget to support continued development and construction.

PROJECT PARAMETERS

EGS is focusing on the equipment, management, and operations required to safely mate Orion with the
SLS, move the integrated SLS/Orion stack to the launch pad, and successfully launch it into space. The
work entails use of many of the facilities unique to KSC, such as the 52-story VAB and LC-39B launch
complex. For the Artemis missions, the EGS team is developing procedures and protocols to process the
spacecraft, the rocket elements, and the launch abort system before assembly into an integrated vehicle.
Additional ground system work required to launch astronauts into space on Artemis Il includes modifying
the ML-1 and crawler-transporters, preparing LC-39B at KSC, and modernizing computers, software,
tracking systems, and other network communications.
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The ML-1 is the ground structure used to assemble, process, and launch the SLS rocket and Orion
spacecraft from LC-39B at KSC. ML-1 consists of a two-story base that is the platform for the rocket and
a tower equipped with a number of connection lines, called umbilicals, and launch accessories that will
provide SLS and Orion with power, communications, coolant, fuel, and stabilization prior to launch. The
tower also contains a walkway for personnel and equipment entering the crew module during launch
preparations. ML-1 will support the Agency’s Artemis I, II, and III launches.

ML-2 is the ground platform structure that will launch SLS Block 1B configurations into lunar orbit. ML-
2 is the primary interface between the ground launch control system and the SLS rocket and Orion
spacecraft flight hardware. The ML-2 construction contract was awarded in July 2019 and is aligned to
support the first launch of a Block 1B.

Machines called crawler-transporters have carried the load of taking rockets and spacecraft to the launch
pad for more than 50 years at KSC. Crawler-Transporter 2 (CT-2) will be used for launches of SLS and
Orion.

ACHIEVEMENTS IN FY 2021

Significant Artemis I milestones were completed in FY 2021, such as the booster stack, core stage mate,
Orion to SLS Integration, and the Integrated Vehicle Tests. In addition, significant development progress
was made in support of future Artemis crewed missions, such as the Preliminary Design Review for the
ML-2 and progress on the Emergency Egress System.

EGS completed software development efforts and Multi-Element Verification and Validation (MEVV) of
the ground systems in support of Artemis I. Spacecraft processing operations for Orion took place at the
Multi-Payload Processing Facility (MPPF) and Launch Abort System Facility (LASF), followed by SLS
flight hardware assembly and SLS/Orion integration and testing at the VAB in support of the Artemis I
mission.

The integrated recovery team of NASA, EGS, Lockheed Martin and the Department of Defense (DoD)
team, along with additional contractor support, conducted Underway Recovery Test-8 (URT-8) in the
Pacific coast of California to ensure the safe recovery of the Orion crew module after the Artemis I
mission.

The Spacecraft Command and Control System (SCCS) completed development and verification and
validation activities and is supporting processing operations at KSC.

The program completed a two-step PDR for the ML-2, which demonstrated the preliminary design met all
system requirements and establishes the basis for proceeding to Critical Design Review (CDR). PDR Step
1, which covered technical requirements and readiness, was completed in March 2021. Results from PDR
Step 2, which covers programmatic readiness and results in the establishment of an Agency Baseline
Commitment, will be reviewed for final approval at KDP-C in 2022.

The EGS team made progress on a new Emergency Egress System (EES) for LC-39B, an emergency
system where flight or ground crew could board a basket with a braking system at the crew access level of
the ML-1. The crew would ride the basket down a cable and come to a stop near a bunker to the west of
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the pad surface, providing quick escape in the unlikely event of an emergency. Construction will be
complete in time to support crewed Artemis missions.

The program continued construction activities of the Liquid Hydrogen (LH2) Sphere at LC-39B. The
project involved the integration of a new 1.4 million gallon, LH2 storage sphere into the existing LC-39B
system. The new LH2 Sphere, in addition to the current LH2 Sphere, will supply LH2 for Artemis II and
beyond. The larger tank will allow NASA to attempt SLS launches on three consecutive days, instead of
opportunities of two out of three days, in the event of a scrub. The newer technology reduces liquid
hydrogen burn-off, allowing more launch attempts before having to refill the larger tank. Construction
began in 2019 and will be complete to support Artemis II.

The EGS Program Artemis II Checkpoint I was conducted in August 2021. The review was successful,
and all board members concurred that EGS demonstrated readiness in support of the Artemis Il Mission.

WORK IN PROGRESS IN FY 2022

In support of Artemis I and II, EGS will complete key milestones in FY 2022. For Artemis I, EGS will
perform Wet Dress Rehearsal (WDR), perform final closeouts, and launch the first Artemis mission. In
preparation for Artemis II and future crewed missions, EGS will utilize the modification period between
launches to complete critical modifications, upgrades, and developments to the launch pad, VAB, and
ML-1.

The program completed URT-9 in November 2021. The purpose of URT-9 was to certify the recovery
personnel and related on-shore mission interfaces who will be responsible for Artemis I mission recovery
operations.

EGS will complete the Artemis I WDR and perform final closeouts in spring of 2022. Shortly after, pad
operations and launch countdown will begin, and EGS will launch the first Artemis mission, followed by
landing and recovery operations. The current Artemis I target LRD is currently planned for NET May
2022 (currently being assessed, pending final integration and test).

Concurrent with first time processing and launch of Artemis I, EGS will continue development work for
the upgrades and modifications to the launch pad, VAB and ML-1 in support of Artemis II, the first
crewed mission, and future missions. The EES Conveyance Modifications Construction Contract for ML-
1 and LC-39B will provide emergency exit from the launch vehicle. The project began off-line fabrication
in October 2021 and is expected to begin on-site field installation in the fourth quarter of FY 2022.

In FY 2022, EGS will continue the Emergency Egress System for and begin the hardware pre-fabrication
modifications and construction on ML-1. The program will also complete construction of LC-39's Liquid
Hydrogen Sphere and begin verification and validation certification.

EGS will continue fabrication of Environmental Control System (ECS) in the VAB and begin upgrades at
LC-39B to support future Artemis missions and continue upgrades at the Compressor Converter Facility.
The program will also continue design of the liquid Nitrogen RL-10 Chilldown system at LC-39B.

The ML-2 Programmatic PDR was held in December 2021 along with a review by an Independent
Review Team (IRT). In late FY 2022, ML-2 will complete the Critical Design Review and begin the
construction phase of the project.
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The design for the Payload Enclosed Access Room (PEAR) will begin in FY 2022. The PEAR cleanroom
will support cargo payloads future missions.

EGS will begin the construction for Vehicle Assembly Building (VAB) High Bay (HB) 3 platform
modifications in FY 2022. The HB3 platforms will be utilized for processing and stacking the Exploration
Upper Stage (EUS) and Interstage, which will support future crewed Artemis missions.

EGS will start performing validation of Crew Transportation Vehicle in September 2022.

KEY ACHIEVEMENTS PLANNED FOR FY 2023

The program will complete most Artemis II development efforts discussed above to support the Artemis 11
launch in FY 2024.

The integrated recovery team of NASA, EGS, Lockheed Martin, and the DoD, along with additional
contractor support, will conduct URT-10 in the fall of 2022 in the Pacific coast of San Diego California to
ensure safe recovery of the Orion crew module for future Artemis missions. URT-10 will be the first
underway test to support Artemis II's crewed mission. This test will include day and night recovery
testing.

Other major construction projects, such as the construction for the Liquid Nitrogen Infrastructure Update,
VAB HB4, and VAB Payload Enclosed Access Room (PEAR) will begin in FY 2023. These efforts will
support future crewed Artemis missions by upgrading the Liquid Nitrogen capabilities for quicker
turnarounds for scrubbed launches, modifying the VAB HB4 platforms to support processing and stacking
the SLS B1B vehicle configuration, and providing the PEAR cleanroom that will support cargo payloads
on future missions.

Schedule Commitments/Key Milestones

Milestone Confirmation Baseline Date FY 2023 PB Request
Key Decision Point-A (KDP-A) Feb 2012 Feb 2012
Formulation Authorization Apr 2012 Apr 2012
Systems Requirements Review (SRR) / System

Design Review (SDR) Aug 2012 Aug 2012
KDP-B Agency Project Management Council

(APMC) Nov 2012 Nov 2012
Preliminary Design Review (PDR) Board Mar 2014 Mar 2014
KDP-C APMC May 2014 May 2014
Critical Design Review (CDR) Board Dec 2015 Dec 2015
System Integration Review (SIR) Apr 2018 Jun 2018
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Operational Readiness Review / Flight Readiness

Review (FRR) Jul 2019 Jul 2019

Artemis I Launch Readiness Nov 2018 NET May 2022 (under
assessment)

Mobile Launcher 2 PDR (Technical) Mar 2021 Mar 2021

Mobile Launcher 2 PDR (Programmatic) Jul 2021 Dec 2021

Development Cost and Schedule

Artemis |
2015 1,843.5 80% 2022 2,592.5 40.6% Nov 2018 NET May

Readiness 2022

42

NASA continues to review past reporting, and estimates do not necessarily accurately incorporate actual
expenditures to date. Additionally, cost and confidence levels do not reflect the cost impacts of currently anticipated
schedule delays. The estimates are expected to increase as NASA assesses the impacts of further delays and updates
reporting on expenditures. Estimates that include combined cost and schedule risks are denoted as joint confidence
level (JCL), all other confidence levels (CLs) reflect cost confidence without necessarily factoring the potential
impacts of schedule changes on cost.

Development Cost Details

TOTAL 1,843.5 2,592.5 +749.0
Mobile Launcher 213.1 501.4 +288.3
LC-39B Pad 77.5 48.1 -29.4
VAB 92.7 421 -50.6
command, Control, and 198.0 544.5 1346.5
Offline Processing and 110.2 143.5 +33.3
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Infrastructure

Other 1,152.0 1,313.0 +161.0

Other includes Crawler Transporter, Launch Equipment Test Facility, Integrated Operations, Program
Management, Logistics, Safety and Mission Assurance (S&MA), Integrated and Offline Operations, Construction of
Facility and Systems Engineering and Integration (SE&I).

The Agency Baseline Commitment for LC-39B, VAB, and Offline Processing and Infrastructure previously
integrated Operations cost which support Artemis I and later missions. EGS realigned those costs from each element
and moved those costs to the Other element, significantly lowering those elements' Current Year Development Cost
Estimate. In addition, the program removed $27 million in costs for the VAB Utility Annex from the VAB element
estimate. Those costs were covered by Center Management and Operations as that work was determined to benefit
all programs at KSC.

Project Management & Commitments

EGS balances customer requirements among SLS, Orion, and other Government and commercial users.
EGS is developing ground systems infrastructure necessary to assemble, test, and launch SLS and Orion,
as well as land and recover Orion flight elements.

GSI is responsible for the

design, development, build, Provider: KSC
Ground Systems harfiware.:/software integration, | 1 .4 Center: KSC

. verification and validation, .

Implementation | /"~ o Performing Center(s): Ames Research N/A
(GSD operations for Program Center (ARC)

facility systems and Ground Cost Share Partner(s): N/A

Support Equipment (GSE).
Operations and O&th.ls responﬁblle for. Provider: KSC
Test conducting overall planning Lead Center: KSC
Management and execution of both flight . . N/A
© &T%\/I) hardware and ground systems | Performing Center(s): N/A

processing activities. Cost Share Partner(s): N/A
Command C3 is responsible for. Provider: KSC
Control devel.opment, operation, and Lead Center: KSC
Comm ’ni tion sustainment of End-to-End . ' N/A
( C03) unicatio Command and Control and Performing Center(s): N/A

Communications services. Cost Share Partner(s): N/A
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Development

PMT includes project
management, safety and

Program - .

mission assurance, logistics,
Management systems engineering, utilities
Team (PMT) Y g &

and facility operations, and
maintenance.

Provider: KSC

Lead Center: KSC
Performing Center(s): N/A
Cost Share Partner(s): N/A

N/A

Project Risks

If: The modifications to ML-1 are not completed
in the planned 18-month window between
Artemis I and Artemis II,

Then: There is a possibility that the Emergency
Egress System (EES) construction will not be
completed in time to allow for Verification and
Validation (V&V) prior to vehicle processing for
Artemis II.

There is a dependency on the ML-1 being available and
modifications being completed to complete the
construction and activation of the EES at the Pad. The
dependencies with Artemis II ML-1 modifications may
prevent timely installation and testing of the EES with
ML-1.

Mitigation efforts being pursued include compressing the
EES design schedule, compressing the construction
schedule, exploring alternate implementation methods,
initiating the construction earlier, and/or reducing the
overall V&V schedule.

If: The modifications to the ECS ducting
configuration and circuits are not completed in
the planned 18-month window between Artemis I
and Artemis II,

Then: There is a possibility that the ECS
construction will not be completed in time to
allow for V&V prior to vehicle processing for
Artemis II.

To support launches post Artemis I, modifications are
planned to the ECS that will enable it to support both
Block 1 and Block 1B vehicles. This will require
modifications to the existing circuits; however, these
circuits must be maintained throughout the entire Artemis
I launch campaign.

Mitigation efforts being pursued include compressing the
design schedule, improving design package flexibility,
identifying design scope that can be deferred, exploring
alternate implementation methods, and/or reducing the
overall verification and validation schedule.
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Risk Statement

Development

Mitigation

EGS Program management is working with the prime
contractor to shore up the discipline and rigor associated
with project execution. NASA leadership has also
increased oversight on the ML-2 project to ensure
remaining development and construction work is executed
as efficiently as possible. The program has seen challenges
due to the COVID-19 pandemic, particularly in the areas
of market pricing on materials/services and labor
inefficiencies.

If: ML-2 construction experiences design and
construction delays,

Then: ML-2 readiness for Artemis IV could be
delayed.

Acquisition Strateqy

EGS serves as its own prime contractor for development activities. EGS executes SLS and Orion ground
infrastructure and processing requirements by leveraging Center and programmatic contracts. For more
routine work, EGS also uses pre-qualified indefinite-delivery, indefinite-quantity contractors while
exercising full and open competition for larger or more specialized projects, such as facility systems
construction contracts and associated GSE fabrication firm-fixed-price contracts. A fixed-price
contracting approach is the first choice whenever possible, as it provides maximum incentive for
contractors to control costs because the contractors are subject to any losses incurred. In addition, a fixed-
price contract imposes less administrative burden on the contracting parties.

MAJOR CONTRACTS/AWARDS

EGS development activities will encompass projects of varying content and size. EGS does not have a
prime contract; it uses the Center’s institutional contracts to execute the development, engineering,
construction, and programmatic activities. If the project size or scope falls outside existing Center
capabilities, then a competitively bid firm-fixed-price contract will be used.

Element Vendor Location (of work
performance)

ML-1 Structural and Facility .

Support Modification Contract J.P. Donovan Construction, Inc. KSC

VAB Platform Construction Hensel Phelps Construction, Inc. KSC

ML-2 Design Build Bechtel National, Inc. KSC
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INDEPENDENT REVIEWS

Development

Review Type Performer Dat(? U Purpose Outcome Next Review
Review
To evaluate completeness
Preliminary Stagdlng and .cops1stency. of program Program cleared
. . Review Mar preliminary design; to
Design Review . . to proceed to next | N/A
(PDR) Board 2014 determine readiness to hase
(SRB) proceed with detailed design phase.
phase.
To demonstrate that program
design is mature; support
full-scale fabrication,
Critical Design Dec assembly, integration, and Program cleared
Review (CDR) SRB 2015 test; and meet overall tc;lgggceed tonext | N/A
performance requirements p '
within cost and schedule
constraints.
To evaluate the readiness of
the program, including its
KSC projects and supporting
System infrastructure, to begin Program cleared
. Independent | Jun
Integration . system Assembly, to proceed to next | N/A
; Review 2018 . .
Review (SIR) Team (IRT) Integration, and Test with phase.
acceptable risk and within
cost and schedule
constraints.
NASA leadership
Exploration Schedule . was briefed on
Programmatic assessment .
Systems assessors . . Artemis I launch
and analysis of Artemis I .
Development from Office Jun schedules across all ESD date options.
(ESD) Artemis I | of the Chief 2019 roerams with an emohasi OCFO staff N/A
Independent Financial gnogro anV;, erforilaﬁcesafl d briefed NASA
Schedule Officer riski gram p leadership on
Assessment (OCFO) ’ Artemis I launch
date options.
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Development

Audit of NASA’S
Development of
its Mobile
Launchers (IG-
20-13). The IG
Inspector Mar To assess the Agency's made four
Performance General 2020 development of its mobile recommendations | N/A
aG) launchers to NASA on
changes needed to
ensure success
with developing a
second mobile
launcher.
NASA's
Development of
Ground and Flight
Application
To evaluate whether i(;tt:):fiusre for the
NASA's management has Campaign (IG-20
Inspector taken appropriate steps in ampaign 7 b-ct-
Mar . . 014). The IG
Performance General developing and managing N/A
2020 . . made two
16 the risk of its Ground and recommendations
Flight Application Software .
. . to NASA as it
for the Artemis Campaign.
proceeded
through the
remaining
Artemis software
development.
Programmatic assessment .
ESD Artemis I Apr and analysis of Artemis I iS\E?sbelcllsgzgeline
. IRT P schedule and schedule risks N/A
Re-baseline 2020 . and launch
of Artemis I launch date and .
ICL. readiness date.
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Development

NASA's
Challenges to
Safely Return
Humans to the
Moon by 2024
(IG-21-007)

IG identified
returning to the

flight schedule beyond
Artemis .

exploration
programs beyond
Artemis I. NASA
concurred

with the
recommendations
made in this
report.

To address NASA's Moon as a top
Inspector e Aerospace Safety Advisory ma?agement and
Performance General 2020 Panel concerns over the pﬁrl(l)rmance dwill N/A
(IG) Agency’s plans to return-to- chalienge and wi
the-Moon by 2024. continue oversight
of NASA’s
management of
the Artemis
Campaign and the
Agency’s human
exploration efforts
through other
audits and
reviews.
GAO made two
recommendations
to establish
baselines ahead of
To assess the progress the a k@y design
programs are making review and
towards Artemis I with 1mprove internal
General respect to schedule and cost, report'n?g about
Accounting | Dec and the extent to which the capability
Performance Office 2020 programs are positioned to upgrades for N/A
(GAO) support the planned Artemis human space
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Development

To confirm that flight and
ground hardware elements, The IRT
software, support equipment, | confirmed the
ESD Enterprise facilities and infrastructure programs are
Integration IRT Jan 2021 | are ready to support sufficiently N/A
Review (EIR) assembly, integration, test, mature to proceed
and mission operations per for integrated
the planned schedule for operations.
Artemis .
Ingramcomiecnes | vt i
ML 2 PDR IRT Mar celiminary desien: to readiness for the ML 2 PDR
(Technical) 2021 P pary design, project to initiate | (Programmatic)
determine readiness to .
proceed to CDR. construction.
Artemis Status
Update (IG-21-
018) - IG will
Inspector . continue to
Performance General Apr To provide an updaFe on the monitor the N/A
2021 NASA 2020 Artemis Plan. s
aI1G) Agency’s efforts
towards achieving
2020 Artemis
Plan.
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Development

Significant Work
Remains,
Underscoring
Challenges to
Achieving Moon
Landing in 2024
(GAO-21-230) -
GAO made four
recommendations,
To assess NASA's ability to ;Ijlglsliugi, iﬁlen t
General accomplish the March 2019
. . L the process for
Accounting | May White House direction to o
Performance . determining key N/A
Office 2021 accelerate its plans for a roerammatic and
(GAO) lunar landing by four years Progr
{0 2024 technical tools for
’ the Artemis
missions. NASA
concurred with
three of the
recommendations,
but not the fourth,
which related to
the costs included
in a lunar rover's
cost estimate.
NASA's
To assess the Artemis Managemgnt of
o the Artemis
Campaign’s schedule and Missions (IG-22-
projected costs as well as 003) - 1G will
Inspector Nov how the Agency’s .
Performance S continue to N/A
General 2021 acquisition and monitor
programmatic approaches acquisition and
facilitate landing astronauts q .
on the Moon programmatic
’ approach for
Artemis Missions.
To evaluate completeness gfffrife d the
Mobile Launcher Dec and consistency of program ro@rams are
2 PDR IRT preliminary design; to progrd CDR
. 2021 . . sufficiently
(Programmatic) determine readiness to
roceed to CDR mature to proceed
P : to CDR.
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Development

Moon Landing
Plans Are
Advancing but
Challenges
Remain (GAO-
22-105533) -
GAO restated its
10 previous
recommendations
General To update NASA's progress | related to
Accountin, Mar and challenges in workin improvin
Performance Office y 2022 towards thegﬁrst three y N/SSA'S ¢ N/A
(GAO) Artemis missions. management of its
Artemis efforts
and related
programs. NASA
generally agreed
with these
recommendations
and plans to take
steps to
implement them.
Operational To evaluate the readiness of
Readiness the project to operate the
Review/ Flight NET flight system and associated
Readiness TIA/IRT May ground system; and support | N/A N/A
Review 2022 systems for safe and
(ORR/FRR) for successful launch and
Artemis | flight/mission.
Launch
Readiness
Date/Initial NET To assess all capabilities of
Operations TIA/IRT May the vehicle to support the N/A N/A
Capability 2022 readiness to launch.
(LRD/1OC) for
Artemis I
To demonstrate that program
design is mature; support
. Mar full-scale f.abricatif)n,
Mobile Launcher IA/IRT 2022 assembly, integration, and N/A N/A
2 CDR test; and meet overall
(U/R) .
performance requirements
within cost and schedule
constraints.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY 2027
Gateway 501.5 685.0 779.2 754.5 685.4 661.7 758.2
Adv Cislunar and Surface Capabilities 45.0 82.0 59.6 57.8 62.9 4252 555.6
Human Landing System 9283 1,195.0 1,485.6 1,863.8 2,246.1 2,1682  2,5379
xEVA and Human Surface Mobility Program 197.3 100.0 275.9 297.7 494.9 598.8 599.1
Total Budget 1,672.1  2,062.0 2,600.3 2,973.8 3,489.3 3,853.9 4,450.7
Change from FY 2022 Budget Request 538.3
Percent change from FY 2022 Budget Request 26.1%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The overarching goal of the Artemis Campaign
Development (ACD) theme is to develop the
systems that will be used to land humans on the
Moon, explore the lunar surface, and prepare for
Mars exploration. ACD comprises three
programs previously funded under the retired
Exploration Research and Development (ERD)
theme: Gateway, Advanced Cislunar and Surface
Capabilities (ACSC), and the Human Landing
System (HLS). It also includes a newly formed
program: Exploration Extravehicular Activity
(xEVA) and Human Surface Mobility. ACD's

The Near Earth Asteroid (NEA) Scout shown above is the
first CubeSat delivered and ready for integration into
Space Launch System (SLS) for the Artemis I mission.

work will create the necessary exploration
infrastructure in lunar orbit and on the lunar
surface that astronauts will use during Artemis

missions. ACD is responsible for developing and
testing prototype systems, as well as planning and developing flight missions to lunar orbit and the lunar
surface. In addition to expanding our Lunar capabilities, these efforts will also inform and enable future
missions to Mars. These program objectives support the National Space Policy of 2020 and the 2021
Space Priorities Framework, as well as the Agency's Strategic Goal 2, which seeks to extend human
presence to the Moon and onto Mars for sustainable, long-term exploration, development, and utilization.

The Gateway will be a small way station that will orbit the Moon and support human and robotic missions
to the lunar surface. Initial elements of the Gateway outpost will be launched together into orbit around
the Moon, where they will provide critical infrastructure to enable fully reusable lunar landers. The
Gateway will be capable of supporting early human-rated lander deployments and operations enabling
lunar surface capability.

ACD leads the next phase of lunar sustainability with the development activities occurring under ACSC.
Future systems will provide habitation and cargo landing capabilities, including the Foundation Surface
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Habitat and a Lunar Cargo Lander capable of landing major surface elements, both of which are key
elements required for sustainability on the lunar surface. These systems have requirements that overlap
with requirements likely to be established for crewed Mars missions, and so they also reduce risk and
prove capabilities likely needed for eventual missions to Mars.

Through commercial partnerships, HLS will support the development and deployment of the integrated
system that will land the first woman and first person of color on the surface of the Moon. The
demonstration of an integrated lander is the first step to enable more permanent human access to the lunar
surface. The Budget fully funds the lunar lander that will be used for the first Artemis mission to the lunar
surface, and also provides funding to support the development of multiple, distinct lunar landers for future
missions.

The XEVA and Human Surface Mobility program is formulating the systems that NASA will use to
explore the surface of the Moon. These surface systems, including the Lunar Terrain Vehicle, the
Habitable Mobility Platform, and XEV A surface suits, will provide capabilities and result in lessons
learned expertise that will support future Mars missions.

ACD activities utilize a variety of agreements and contracts that enable NASA, private industry,
academia, and international partners to share in the risks and rewards of Government investments. These
shared risks include incentivizing technical performance and building future commercial markets with
financial interest in developing capabilities. These programs are also utilizing the unique skills of the
NASA workforce to perform risk reduction, develop life support systems, and build the missions that will
take humanity back to the Moon and beyond.

The missions pioneered by ACD will enable the first intrepid crews of the new space age to travel safely
to and from the surface of the Moon and mature sustainability on the Moon. These missions will enable
new scientific discoveries and promote new technologies, research, and systems needed to sustain living
in deep space for the benefit of all humankind.

EXPLANATION OF MAJOR CHANGES IN FY 2023

ACD has been established as a new theme, encompassing the Gateway, HLS, and ACSC programs that
previously resided under the retired ERD theme.
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FY 2023 Budget

Op Plan Request. Request
Budget Authority (in $ millions) FY 2021 FY 2022 FY 2023 FY 2024 FY2025 FY2026 FY 2027
Total Budget 501.5 685.0 779.2 754.5 685.4 661.7 758.2
Change from FY 2022 Budget Request 94.2
Percent change from FY 2022 Budget Request 13.8%

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The Gateway will serve as a multi-purpose outpost orbiting
the Moon that provides essential support for long-term
human missions to the lunar surface. The initial Gateway
capability will provide systems to enable crewed missions to
cislunar space, including capabilities that enable lunar
surface missions.

In addition to serving as a destination for astronaut
expeditions and scientific research, the Gateway will serve
as a port for deep space transportation (e.g., landers in route
to the lunar surface or potentially spacecraft embarking to
destinations beyond the Moon [including Mars]). Located
tens of thousands of miles from the lunar surface at its
farthest point and within a couple of thousand miles of the
surface at its closest point, the Gateway will be in a near-
rectilinear halo orbit. This orbit will allow NASA and its
international and commercial collaborators to have
unprecedented lunar surface access, conduct deep space science and technology investigations, and
perform sustainable lunar exploration.

h~ A\ W | 3 h
NASA, along with Maxar Technologies and
Busek Co., successfully completed a test of
the 6-kilowatt (kW) solar electric propulsion
(SEP) subsystem destined for the PPE.

The integrated Gateway spacecraft will be developed and deployed incrementally. The initial Gateway
architecture is focused on two foundational elements: the Power and Propulsion Element (PPE) and the
Habitation and Logistics Outpost (HALO). PPE and HALO are targeted to be integrated and launched
together on a SpaceX Falcon Heavy rocket in 2025.

As astronauts prepare for missions to the lunar surface, they will need deliveries of pressurized and
unpressurized cargo, science experiments, and supplies (e.g., sample collection materials and other items).
The Gateway Deep Space Logistics (DSL) Project manages the Gateway Logistics Services (GLS)
contract, which will deliver supplies and hardware in support of Gateway's sustained lunar orbit
operations and lunar landing missions.

Gateway international partners will provide important contributions to the lunar outpost, including
advanced external robotics, additional habitation, a refueling capability, and possibly other enhancements.
Canada awarded a contract to MacDonald, Dettwiler and Associates Inc. (MDA) to build the Canadarm3
for Artemis deep space missions. Japan announced plans to join the United States on the Gateway with
contributions of habitation components and logistics resupply. The European Space Agency (ESA) signed
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an agreement with NASA to contribute habitation and refueling modules and enhanced lunar
communications to the Gateway.

EXPLANATION OF MAJOR CHANGES IN FY 2023

The xEVA systems will be managed by the newly established Extravehicular Activity (EVA) and Human
Surface Mobility (HSM) program office at Johnson Space Center (JSC).

Deep Space Logistics, which was previously funded under Advance Cislunar and Surface Capabilities,
has moved to the Gateway Program.

ACHIEVEMENTS IN FY 2021

Multiple bilateral Memoranda of Understanding (MOU) provide the formal commitments between the
U.S. Government and partner agencies/governments to fulfill Gateway partnership and contributions, and
three MOUs were finalized in FY 2021.

In October 2020, ESA signed an agreement with NASA to contribute habitation and refueling modules,
enhanced lunar communications to the Gateway, and two more Orion service modules. ESA agreed to
provide the International Habitation module (I-HAB), which will enhance Gateway capabilities for
scientific research, life support systems, and crew living quarters. These capabilities enable longer
duration crewed Gateway missions.

In December 2020, Canada signed an agreement to provide advanced external robotics. The Canadian
Space Agency (CSA) agreed to provide an external robotics system that includes a next-generation
robotic arm, Canadarm3, for Gateway.

In December 2020, Japan finalized an agreement with NASA to provide several capabilities for the
Gateway’s [-HAB. Japan Aerospace Exploration Agency (JAXA) planned contributions include I-HAB’s
environmental control and life support system, batteries, thermal control, and imagery components, which
will be integrated into the module by ESA prior to launch.

Throughout FY 2021, Gateway made significant technical progress with several design reviews at the
program and element levels. PPE's contractor, Maxar, held a Part One Preliminary Design Review (PDR),
and HALO completed the element PDR. The International Habitat (I-HAB) team completed a Primary
Structures PDR and began the full -HAB System PDR process. The Gateway Program completed a Delta
System Definition Review (SDR) Sync Review and achieved Agency-level approval at their Key
Decision Point (KDP)-0 to proceed with the formulation phase of the Program.

In FY 2021, Gateway also finalized two key procurement actions. In February 2021, NASA selected
SpaceX to provide launch services for PPE and HALO. Originally, PPE and HALO were planned to be
launched on separate launch vehicles and autonomously dock in orbit around the Moon. PPE and HALO
will now be launched together as an integrated unit, effectively designated as a Co-Manifested Vehicle
(CMV). After integration on Earth, the PPE and HALO are targeted to launch together in 2025 on a
Falcon Heavy rocket from Launch Complex 39A at Kennedy Space Center (KSC).

In July 2021, Phase 5, the final phase of the HALO contract with Northrop Grumman to cover module
production and delivery, was signed.
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WORK IN PROGRESS IN FY 2022

Throughout the year, the Gateway Program and constituent elements will continue through formulation
stages at varying levels of maturity. ESA completed their -HAB PDR Board in November 2021, and the
PPE Maxar PDR Part 2 was completed in December 2021. PPE will next hold a Base Completion Review
in early calendar year 2022. The HALO Critical Design Review (CDR) process has also been initiated,
with a CDR closeout planned for mid-2022.

A Gateway Program PDR Sync Review is planned for Q3 of FY 2022 in preparation for KDP-1. An
Agency Baseline Commitment (ABC) and a Program Commitment Agreement (PCA) will be established
at this KDP, which will provide Agency approval to proceed from the formulation to the implementation
(development) phase.

The ESA ESPRIT and CSA Canadaarm3 will also hold their System Requirements Reviews (SRRs) in
FY 2022.

The DSL team and GLS contractor, SpaceX, will continue special studies during FY 2022 in advance of
the first mission Authority to Proceed (ATP).

KEY ACHIEVEMENTS PLANNED FOR FY 2023

In Fiscal Year 2023, the Gateway Program will reach critical design review maturity with a CDR-
informed synchronization review and the Gateway Initial Capability (PPE/HALO) will begin the
Assembly, Integration, and Test (AI&T) phase. Key additional planned achievements include ship and
delivery of the HALO habitable element, manufactured by Thales Alenia Space Italia (TASI), in
November 2022. This will initiate the AI&T phase of HALO development. Bus integration for PPE is
scheduled for completion in July 2023. The PPE-HALO commercial launch vehicle is planning to hold a
mission specific PDR in May 2023.

Program Projects

POWER AND PROPULSION ELEMENT (PPE)

The PPE is a high-power, 50-kilowatt solar electric propulsion spacecraft that will provide power, high-
rate communications, attitude control, orbit maintenance, and orbital transfer capabilities for the Gateway.

The PPE project leverages Space Technology Mission Directorate investments in Advanced Electric
Propulsion Systems. PPE will demonstrate an advanced SEP system, which combines 12kW and 6kW
SEP thrusters. The PPE will be the most powerful electric propulsion spacecraft ever flown and it will
maneuver Gateway around the Moon, opening up more of the lunar surface for exploration than ever
before.

The PPE is being developed and built by Maxar Technologies of Westminster, Colorado, and is managed
out of NASA’s Glenn Research Center in Ohio. Maxar Technologies was awarded the contract for PPE in
2019. PPE will be launched with HALO as an integrated vehicle on a SpaceX Falcon Heavy commercial
rocket, and PPE will propel the co-manifested vehicle to cislunar space.
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HABITATION AND LoGISTICS OuTPOST (HALO)

HALO is where astronauts will live and conduct research while visiting the Gateway. The pressurized
living quarters will provide command and control systems for the lunar outpost, and docking ports for
visiting spacecraft, such as NASA’s Orion spacecraft, lunar landers, and logistics resupply craft. The
HALO module will serve as the backbone for command and control and power distribution across
Gateway and will perform other core functions, including hosting science investigations via internal and
external payload accommodations and communicating with lunar surface expeditions. HALO also will
enable the addition of the I-HAB habitable element to expand Gateway capabilities. HALO leverages
contributions from the Gateway international partners for robust capabilities. Batteries provided by JAXA
will power HALO until PPE solar arrays can be deployed and during eclipse periods. Robotic interfaces
provided by CSA will host payloads and provide base points for Canadarm3 robotic operations. ESA will
provide a lunar communications system to enable high-data-rate communications between the lunar
surface and Gateway.

Northrop Grumman was awarded a contract for HALO in June 2020. Northrop Grumman's design for
HALO, developed through NASA’s NextSTEP contract vehicle, is based on its Cygnus spacecraft
currently being used to deliver cargo to the International Space Station. HALO will be launched with PPE
as an integrated vehicle on a SpaceX Falcon Heavy commercial rocket.

DEEP SPACE LoaisTics (DSL)

The functional reality of human habitation in any location on Earth or in space is that it involves the
consumption of resources and the generation of waste. The development of a sustainable, repeatable, and
reliable supply chain is critical to the success of Deep Space habitation. The DSL Project is the element of
the Gateway Program charged with establishing a sustainable Deep Space delivery capability for
exploration.

The Logistics spacecraft will have their own power, propulsion, and navigation systems to rendezvous
autonomously with the Gateway in cislunar orbit and dock at a radial port. The Logistics spacecraft will
provide consumable resupply, outfitting equipment, and cargo delivery including utilization and spares.
The Logistics module is designed to serve as a large pantry where supplies can be easily accessed by the
crew. The design of the spacecraft will accommodate the collection, storage, and eventual disposal of
waste accumulated at Gateway. The cargo and supplies delivered by the Logistics spacecraft will support
habitation of the Gateway as well as provide provisions for the lunar landers during the sustained lunar
exploration phase.

Logistics flights are necessary to supply Gateway with critical cargo deliveries and maximize the length
of crew stays on Gateway. The GLS contract and technical capability are extensible to deliver unique
payload configurations and supply cargo deliveries to the lunar surface as well as other Deep Space
destinations. As an example, the Canadian robotic arm will be supplied to Gateway via a logistics flight in
2027.

In March 2020, NASA awarded SpaceX as the first U.S. commercial provider under the Gateway
Logistics Services contract to deliver cargo and other supplies to the lunar outpost. ATP has not yet been
provided for the first mission.
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INTERNATIONAL HABITAT (I-HAB)

The I-HAB module is a contribution from ESA and will provide additional crew habitation and
workspace, as well as additional environmental systems capability. This module will also provide
additional docking ports and accommodations for internal and external science experiments. -HAB's
environmental control and life support systems will augment the life support system capabilities provided
by HALO and the docked Orion, enabling longer missions at the Gateway and on the lunar surface. JAXA
plans to provide several capabilities for the Gateway’s I-HAB, including I-HAB's environmental control
and life support system, batteries, thermal control, and imagery components, which will be integrated into
the module by ESA prior to launch. ESA is under contract with Thales Alenia Space for the -HAB
module, and delivery of I-Hab to the Gateway will be via the SLS Block 1B launch vehicle with Orion
providing orbital insertion and docking.

EUROPEAN SYSTEMS PROVIDING REFUELING, INFRASTRUCTURE, AND
TELECOMMUNICATIONS (ESPRIT)

The ESPRIT, or European System Providing Refueling, Infrastructure, and Telecommunications, provides
additional capabilities that are realized in two components. The first, the HALO Lunar Communications
System (HLCS), will be integrated and launched with HALO and will provide high-rate communications
relay between Gateway and elements on the lunar surface. The second, separate module is the ESPRIT
Refueling Module, which will provide additional fuel capacity to resupply PPE and crew observation
windows. ESA is under contract with Thales Alenia Space for the ESPRIT module. NASA plans to
deliver the ESPRIT Refueling Module to the Gateway via the SLS Block 1B launch vehicle with Orion
providing orbital insertion and docking.

GATEWAY EXTERNAL RoOBOTICS SYSTEMS (GERS)

NASA and CSA reached an agreement for CSA to provide the Gateway’s external robotics system,
including a next-generation robotic arm, known as Canadarm3. Canadarm3 will move end-over-end to
reach many parts of the Gateway’s exterior, where its anchoring "hand" will plug into specially designed
interfaces. CSA also will provide robotic interfaces for Gateway modules, which will enable payload
installation including that of the first two scientific instruments launching on the foundational Gateway
elements (PPE/HALO). Canadarm3 will be used to conduct maintenance, to berth and inspect vehicles,
install science payloads, and support potential future Gateway EVAs. CSA will be responsible for end-to-
end external robotics, including engineering and operations.

MDA was selected by CSA for both the Canadarm3 and external robotic interfaces.

Delivery of Canadarm3 to Gateway is targeted in 2027 via a Gateway Logistics Services mission.

GATEWAY AIRLOCK

The Gateway airlock module will support both crewed spacewalks as well a science airlock to transfer
scientific experiments and Gateway hardware between the pressurized cabin and the exterior of Gateway.
Canadarm3 will be an integral part of the science airlock operations moving the hardware into and out of
the science airlock and deploying/retrieving around Gateway.

NASA will continue to discuss Airlock options with the International Partner community.
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Program Schedule

The Gateway Program and constituent elements are in the formulation phase. Additional milestones will
be identified after Gateway KDP-I.

Date Significant Event

Q3 FY 2022 Gateway PDR-informed Sync Review

Q4 FY 2022 Gateway KDP-I

Program Management & Commitments

In 2019, the Human Exploration and Operations Mission Directorate (now Exploration Systems
Development and Space Operations Mission Directorates [ESDMD/SOMD]) Associate Administrator
(AA) assigned authority for the Gateway Program to JSC. The Program Manager reports to the Deputy
Associate Administrator (DAA) for the Artemis Campaign Division (ACD) in coordination with the
ESDMD AA. The Gateway program will make an ABC for the initial capability spacecraft following the
PDR-informed Sync Review and KDP-I. DSL will make a separate ABC at KDP-C.

Program Element Provider

Provider: Maxar Technologies
PPE Lead Center: GRC
Performing Center(s): GRC and JSC

Provider: Northrop Grumman
HALO Lead Center: JSC
Performing Center(s): JSC

Provider: SpaceX
DSL Lead Center: KSC
Performing Center(s): KSC

Acquisition Strateqy

Gateway's integrated acquisition strategy includes procurements and international partner contributions.
NASA conducted an Acquisition Strategy Meeting (ASM) in August 2018 to determine center
roles/responsibilities assignments (depicted in the previous table) and the acquisition strategy for each
Gateway element. Domestic Gateway elements are procured using fixed-price, milestone-based contracts
to the greatest extent possible. All major contracts have been awarded. The sections below identify the
major domestic contracts.

PPE was awarded on May 23, 2019 to Maxar Technologies.

Orbital Sciences Corporation, a wholly owned subsidiary of Northrop Grumman Space (NGS), referred to
as Northrop Grumman here, was selected as one of the habitation partners under the Next Space
Technologies for Exploration Partnerships (NextSTEP) contract vehicle on September 3, 2015. The
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contract scope was authorized over five phases initially beginning with defining the architecture and
concepts. The latest (Phase 5) was for final HALO production and delivery was signed on July 8, 2021.

The first Gateway Logistics Services (GLS) contract was awarded in March 2020 to SpaceX.

NASA selected SpaceX to provide a Falcon Heavy launch vehicle for the co-manifested PPE/HALO
launch through a competitive Launch Service Task Order evaluation under the NASA Launch Services II

contract.

MAJOR CONTRACTS/AWARDS

Element Vendor Location (of work performance)
PPE (May 2019) Maxar Technologies Westminster, CO
HALO (Jun 2020) Northrop Grumman Dulles, VA
Gateway Logistics Services (Mar 2020) SpaceX Hawthorne, CA
CMYV Launch Vehicle Provider (Feb 2021) SpaceX Hawthorne, CA
INDEPENDENT REVIEWS
q Date of Next
Review Type Performer Review Purpose Outcome Review
Equivalent to a System
Requirements Review (SRR), the Gatewa
Gateway FSR evaluated the program’s Program SDR- y
Formulation Independent functional and performance clearedto | .

N ; Feb 2019 . . informed
Synchronization | Review Team requirements, ensuring proper proceed to Syne
Review (FSR) formulation and correlation with next phase yne

. . Review

Agency and mission directorate

strategic objectives.

To evaluate the credibility and

responsiveness of the proposed

program requirements /

architecture to the mission

. . Approval
Jun 2020 | directorate requirements and Gateway
Gateway . . . . . to proceed
Standing constraints, including available . PDR-
Program SDR- . . in .
. Review Board resources, and allocation of .| informed
informed Sync Delta - . . Formulati
Review (SRB) requirements to projects. To on at Sync
Mar 2021 | determine whether the maturity of Review
. KDP-0

the program’s mission/system

definition and associated plans are

sufficient to begin preliminary

design.
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GATEWAY

To evaluate the
completeness/consistency of the
program’s preliminary design,
including its projects, in meeting

Gateway . . . Gateway
Program PDR- all requlrements with .approprlate TBD at CDR.
Informed Sync SRB May 2022 | margins, acceptable risk, and KDP-I informed
Review within cost and schedule
constraints, and to determine the Syng
Review

program’s readiness to proceed
with the detailed design phase of
the program.
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ADV CISLUNAR AND SURFACE CAPABILITIES

FY 2023 Budget

Op Plan Request. Request
FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY2026 FY 2027

555.6

Budget Authority (in $ millions)
Total Budget 45.0 82.0 59.6 57.8 62.9

Change from FY 2022 Budget Request -22.4
Percent change from FY 2022 Budget Request -27.3%

425.2

FY 2021 reflects funding amounts specified in Public Law 116-260, Consolidated Appropriations Act, 2021, as
adjusted by NASA's FY 2021 Operating Plan, December 2021.

Full-year appropriations for FY 2022 were not enacted at the time this budget was prepared. Therefore, the FY 2022
column reflects the FY 2022 President's Budget Request.

The Advanced Cislunar and Surface Capabilities
(ACSC) program manages and integrates the
systems that NASA will use throughout the
Artemis Campaign to access and explore the
surface of the Moon.

ACSC funds the team that leads the integration of
the human space flight elements of the Artemis
missions starting with Artemis III. This
integration team comprises the system
engineering, safety, operations, and programmatic
organizations that ensure the human spaceflight

Shown here is an artist rendition of future systems
including the Foundation Surface Habitat to enable long
duration stays on the lunar surface.

lunar mission are implemented successfully with
contributions from the programs across the
Exploration Systems Development Mission

Directorate (ESDMD).

Future Systems Formulation (FSF) formulates the systems that NASA will use to sustainably explore the
surface of the Moon. These systems, including cargo landing and habitation, will provide capabilities to
support future Artemis missions and act as analogs for future Mars missions. FSF will utilize initial
studies and pre-formulation activities to initialize element system requirements. As these technologies and
systems mature, they will be the building blocks for the capability to extend stays on the Moon.

In the near term, FSF is conducting risk-reduction studies to identify required lunar surface technologies
to be utilized on the lunar surface and act as precursor systems for potential future missions. These surface
systems include a human class cargo lunar lander and a future surface habitat.

FSF will work with the Moon & Mars Architecture (M&MA) team to oversee the Agency’s habitation
strategy and assist the central management authority for Next Space Technologies for Exploration
Partnerships (NextSTEP) Broad Area Announcement (BAA), a public-private partnership model seeking
commercial development of deep space exploration capabilities to support human spaceflight mis